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THE INTERDEPENDENCE OF THE SYMPATHETIC AND 
“CENTRAL NERVOUS SYSTEMS. * 


BY DAVID ORR, M.D, AND LIEUTENANT.COLONEL ROWS, B.A.M.C. 


EXPERIMENTS with bacterial poisons have demonstrated that the 
central nervous system can be infected by two paths, the lymph 
channels and the blood-stream [6]. "The lymphatic system of the 
` brain and’ ‘spinal cord can be. infected’ secondarily to a toxic or microbic 
invasion of the ascending lymph paths of cranial or spinal nerves, and 
the phenomena which arise are typically those of a primary inflamma- - 
, tion of the fixed tissues. The examination of material from clinical 

| cases, in which toxic absorption from septic foci had occurred along . 
the lymph spaces of peripheral nerves to the nerve centres, confirmed 
“the above results, ; . 

When attempts are made to infect the central nervous system by 
means of an intoxication of the blood-stream a totally different picture 
is found. In one series of experiments we introduced a capsule , 
‘containing-a broth culture of the Staphylococcus pyogenes aureus-into ` 
the abdominal cavity of rabbits [8]. with the result that definite areas 
of the spinal cord showed degeneration of the medullated fibres, viz., 


` round the cord margin and on either side of the median septum of the 


posterior columns. These degenerations were associated with œdema, 
dilatation of the vessels,-and hyaline thrombosis. Inflammatory 
phenomena amongst the fixed tissues were strikingly little in evidence. 
In another series of experiments: [7] the capsule was placed in contact 
with the common carotid, and the examination of the brain revealed 
two types of lesion: (1) Coagulation necrosis of the nerve cells in the 
cornu ammonis, in the cerebral cortex, and in the amygdaloid nucleus ; 

(2) softening in the stratum moleculare of the cornu ammonis. Hera 


1 This work has been carried on under a grant from the Board of ‘Control, 
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again the inflammatory phenomena were reduced to a minimum, except 
around the softening in the stratum moleculare of the-cornu ammonis : 
but in this situation the proliferation of the fixed tissues was obviously 


secondary and dependent upon the irritative effects of the degenerative ` 


products in the surrounding tissues, and upon the reaction incidental 
to repair. Dilatation of the vessels, oedema, and hyaline thrombosis 
were present, and the above lesions clearly resulted from the consequent 
disturbance of the cerebral circulation. 
These two types of infection, lymphogenous and hematogenous, 
are thus easily distinguished from each other. The former always 
gives rise to an inflammatory lesion which in both the peripheral nerves 
‘and in the central nervous system spreads by direct continuity. But 
the hematogenous lesions are much more difficult to explain, as the 
` consideration of their anatomical distribution in the spinal cord and 
- brain indicates very clearly that in addition to toxicity of the blood- 
stream there is another factor in play “which determines where the 
toxin shall exhibit its primary effect. 


This point is well illustrated by the experiments referred to above. ~ 
`- When the abdominal cavity is infected a non-systemic lesion is found 


in the white matter of the spinal cord. Two areas are involved, the 
periphery of the cord and the posterior columns. In the cervical and 
lumbar regions the entire periphery of ‘the cord is affected. In the 
dorsal cord this marginal degeneration is limited to the anterior and 
lateral parts. The degenefation in the posterior columns shows varia- 
tions at different cord levels. In the lumbar cord it forms a small 
triangle round the hinder end of the postero-median septum with its 
base towards the cord margin. In the dorsal cord it forms an inverted 
V whose apex reaches the middle of the septum while its legs diverge 
towards the cord margin. In the cervical cord this degenerated area 
is larger than in the lower regions and forms a narrow column situated 
in each tract of Goll near the median septum and united to the 
marginal degeneration. The myelin lesion is maximal in the cervical, 
and minimal in, the lumbar region. It is sharply confined to the above 
areas and consists in a primary degeneration of the sheath. With this 
myelin degeneration there are associated œdema of the cord, prolifera- 
_ tion of the perivascular neuroglia, and dilatation of the vessels with 
hyaline thrombosis. In the grey matter the only morbid change is a 
very slight degree of chromatolysis of the nerve cells. 

When the capsule filled with bacteria is placed ın contact with the 
carotid sheath we find, as already mentioned, coagulation necrosis of 
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` nerve cells, in- the cortex; of the inane ganglionaris of the cornu 
ammonis, and in the amygdaloid nucleus. : There is also an. ischeemié 
softening in the stratumi moleculare of the cornu ammonis. Vascular 
dilatation and hyaline thrombosis are again a ‘prominent feature. 
When the distribution of the lesions in both series of experiments is 
examined.it is clear that they lie in those parts of the brain and spinal 
- cord which derive their blood supply from the vessels ‘of the pia- 
arachnoid. The implication of the cornu ammonis and. the amygdaloid 
- nucleus does not, as ‘might appear at: first sight, contradict this state- 
ment ; for the lamina involuta of the former is penetrated by folia of 
the pia-arachnoid, while the amygdaloid nucleus is continuous with the 
grey matter of the temporal lobe. The affected areas therefore possess 
this point in common that they depend upon the pial vascular system 
‘for their nutrition; and it is this special anatomical distribution, to the 
total exclusion of the central areas, which inclines one to the view that 
. @ general intoxication is by no means a satisfactory explanation of the 
genesis of the lesions. A considerable weight of evidence can be 
advanced in fayour of the view that the sympathetic nervous mechanism 
. may be an important factor in determining at Which points & toxin 
circulating in the blood .shall exercise its primary action upon the 
central, nervous system. Our authority for making this statement is 
derived from the study- of. certain non-systemic lesions in the cord, and 
from the anatomy, physiology, and embryology of the so-called 
autonomic system. Non-systemic lesions occurring in the spinal cord 
are characterized by atrophy of the myelin sheath and sclerosis. They 
appear to be dependent on some toxic condition of the blood-stream, 


which attacks the myelin sheath in certain definite areas „by some: 


obscure mechanism. We have studied such lesions in cases of visceral 
cancer and in Addison’s disease; and on account of certain features 
which they possess in common with the subacute combined sclerosis of 
the cord, associated frequently with severe anæmia, we propose to 
_ include this group in the description. k A oe 4 
If the spinal cord is examined in cases of visceral cancer a non- 
systemic lesion will be found which varies in degree from ‘case to case. 
As an illustration let us examine in some detail the cord fram a case of 
carcinoms of the pyloric end-of the stomach. This case showed a more 


extensive.lesion, than ié usually found, but in its general features and 


localization it was typical. The cord, lesions in visceral cancer affect 
the posterior and lateral columns ; ‘the fine fibres of the grey matter 


are rarely implicated ‘and only in advanced cases; and the morbid 
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lesion consists in & slow atrophy and absorption of . the myelin sheath 


accompanied by proliferation of the neuroglia. Inthe posterior columns 


the atrophic process varies in intensity in the cervical, dorsal, and 
lumbo-sacral regions. It is most marked, at all levels, round the postero- 
median septum.and its area of maximum intensity changes frequently. . 
Tracing it from above downward we find that from C1 to C3 it occupies 

a small area on either side of ‘the posterior third of the septum. From 
C4 to C8, where the lesion is more pronounced than at any other level, 


„it passes forward to occupy & more anterior position, until in C8 and in 


the upper six dorsal segments the areas immediately adjacent to the 
anterior third of the septum are most affected. From the level of D6 
the area of atrophy progressively diminishes in size from above down- 
wards and is shaped like an inverted V whose apex is directed towards 
the commissure and whose legs gradually diverge, on either side of the 
postero-median septum, towards the cord margin. The ‘lesion at this 


‘level is of more recent date than that at'a higher level. In shape it 
„` resembles ‘closely the acute lesion found in the rabbit's cord after 


infection of the abdominal cavity. At the level of L1 there is some 
little degree of myelin atrophy confined to the fibres’ immediately 


„surrounding the septal vessel and its branches, and from L3 downwards 


there is practically no change whatsoever. ' 

The atrophic process accompanied by neuroglial proliferation begins 
round the postero-median septum, and progresses from within outwards. 
The lesion attains its maximum development between the fourth and ' 
eighth cervical segments, and in early cases we have observed that these 
and the highest dorsal segments are -alone affected. 

The lesion in the lateral columns is similar in nature to that of the 
sensory fibres but of less intensity. From C1 to C3 it is situated at 
the cord periphery and implicates both anterior and posterior cerebellar 
tracts. Below this level it occupies a more central position amongst 
the crossed pyramidal fibres and the lateral basis bundles. - Similarly to 
the lesion in the posterior columns it diminishes in degree from above 
downwards and disappears almost entirely in the upper lumbar 
segments. ; 

` In Addison’s disease the lesion in the spinal cord bears a remarkable 
resemblance to that in visceral cancer. It occupies the same position 
in the posterior ‘columns. The morbid, changes are more advanced in 
the cervical region and diminish from above downwards. They are. of 


' a more acute nature, however, and include more of the central portion 


of the posterior columns; while the histological picture presents certain’ 


` 
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differences'indicative of a more profound morbid disturbance. Weigert's 
méthod demonstrates that the medullated sheaths in the affected areas 
are totally destroyed ; and in sections ‘stained by Marchi’s osmic acid 
method one finds the adventitial lymph spaces of the vessels in the 
degenerate area filled with the products of altered. myelin stained jet 
black. Evidently, in this case, absorption of the altered myelin has not 
kept pace with its destruction, and injury, to the axis-cylinder has in all 
, probability been a contributory factor 'to rapid disintegration. There is 
evidence in other areas of the cord of implication of the axis-cylinder. 
For example, there are scattered patches of sclerosis in the anterior. and 
lateral regions of the dorsal cord, and one of these has interrupted 
many fibres of the right crossed pyramidal tract, causing a descending 
degeneration. 

In the lateral portion of the cord there is some degeneration situated 
at the periphery and extending from the cervical to the lumbar region. 

_ This is different from what is found in the lateral area of the cord in 
cancer cases, but agrees with the results of those experiments in which 
the medullated fibres round the cord periphery showed primary degenera- 
tion. The fine fibres in- the grey matter of the upper dorsal and the 
cervical regions are atrophied to some extent; in the lower dorsal and 
lumbar segments they are practically intact. l 

There is another condition in which the spinal cord shows a 
` degeneration similar in character and distribution to the above, though 
of a more severe nature., Subacute combined sclerosis gives rise to a 
definite clinical picture, and is frequently associated with severe 
anemia. The lesion is more intense than in, cases of cancer and 
Addison’s disease, and on that account tends to obscure the patho- 
genesis, but an analysis of the morbid features shows that apart from 

e intensity the same morbid process is at work. 

‘The portion of the cord most affected is the mid-dorsal, where there 
is marked destruction of the white fibres round the entire periphery, 
leaving the grey matter and the fibres:in its immediate environment 
perfectly ‘normal. The exogenous and endogenous fibres of the 
posterior columns dre affected equally. Above the mid-dorsal region 
the lesion becomes more limited, that is to say, it is confined. to the 
central portions of the posterior columns, to the two cerebellar tracts, 
and tò the crossed pyramıdal tracts. In the cervical region there are 
also scattered areas of. degeneration, a favourite site for them being the 
direct pyramidal tract and the neighbouring bundles. The destructive 
. lesion i is found as high as the upper portion of the medulla ; the upper 
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limit of the pons, the internal capsule, and the cerebral cortex are 


perfectly normal. Below the mid-dorsal region the diffuse destructive 
lesion steadily diminishes in intensity, and in the lumbar region it is 


practically limited to the crossed pyramidal tract and to the posterior 


r 


columns. Russell, Batten, and Collier [10] point out that, we are 


obviously dealing here with a focal destructive lesion and system 
lesions dependent upon implication of ascending and descending tracts. 
The morbid process in its early stages is best seen at the margin of a 
degenerative patch. _The myelin sheath first shows swelling, while the 
axis-cylinder remains normal. Later on, the sheath undergoes 
degeneration, and. is absorbed, the axis-cylinder disappears, and 
sclerosis supervenes, attended by the ascending and descending 
degenerations mentioned above; but these are really secondary results. 
The grey matter, the spinal roots, and the posterior root ganglia are 
normal. „The vessels.in the affected area show thickening of their walls. 

It is òf importance to note that in most of these cases the degenera- 


` tion of the posterior and lateral columns is most evident in the mid- 
thoracic region, and diminishes in degree and extent as the upper and, 


lower limits of the cord are approached. The above-mentioned authors, 
in discussing the pathogenesis of these lesions, draw attention to their 
important observation that the distribution of the affection in the white 
matter is precisely that of the peripheral vessels, the pial supply, and — 
point out how the areas supplied by the anterior median arteries—the 
anterior horns, adjacént white matter, and Clarke’s column—escape. 

We have described the above lesions as non-systemic, although it is 
obvious that in the posterior columns they bear a close resemblance to 
tabes dorsalis. There are cardinal differences, however, in the primary 
localization and further spread of the disease which separate it from a 
true tabes. The term pseudo-tabes might be employed on the ‘clear 
understanding that the disease is not confined to the Seo columns, 
but is combined with sclerosis elsewhere. 

If we review briefly the type of lesion in the tires: cases to which 


‘we have drawn attention, it is evident that we are dealing with: three 


different degrees. of one and the same pathological process. The situa- 
tion ofthe degeneration is practically the same in all, especially in the 


i posterior columns; and the late involvement of the fibres in the grey 


horns is a constant feature. _In the cancer cases it is evident that ‘the; 


‘lesion is characterized by a gradual atrophy and -absorption of the 


myelin sheath. So far as our experience goes, there is no evidence of 
axis-cylinder change, but the possibility of this occurring in other cases . 
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must be admitted. In the case of Addison’s disease the pathogenetic 
agent is enabled to produce greater damage, for the lesion is not only 
more extensive, but we find the adventitial lymph sheaths in the 
posterior columns filled with fatty substance. In addition to this, 
isolated degenerative patches are found in which the axis-cylinders 
have suffered sufficient damage to cause a true Wallerian degeneration. 

In the subacute combined sclerosis the morbid lesion is even more 
advanced. In the area of concentration, the mid-dorsal region, -the 
axis-cylinders have been attacked, and the destruction has resulted in. 
ascending and descending degenerations. Above and below the area the 
lesion je much less acute, and though its limits, above and below, are 
more extensive than in the cancer cases and in Addison’s disease, it is 
similar in nature. The dissimilarity in extent might be reasonably 
explained by the fact that the morbid process has acted in a more acute 
fashion, and its effects have spread farther by diffusion of the noxious 
agent. wie te 

We have already mentioned that these nori-systentic cord lesions 
‘appear to’ be caused by some toxic substance in. the blood, but a general 
statement of.this nature does not help us to explain the constant and 
peculiar situation of the lesions. They form a definite group—which, 
no doubt, includes more members than we have mentioned—whose 
characteristics make it reasonably certain that some special factor 
comes into operation in the pathogenesis. We assume that the 
myelin is attacked. by a poison of some kind, and that this,'if sufficiently 
strong, or in action for a sufficient period of time, can injure the azis- 
cylinder. We have no knowledge relating to the nature of the poison, 
but the lesions themselves raise an equally important question which is 
concerned with the mechanism by which these definite ‘areas of the 
cord are invaded. There are insuperable difficulties in the way of our 
` accepting a “general intoxication” theory without qualification. All 
the facts are against it. . The distribution of the degeneration in the 
lateral-and posterior columns, the. localization of the degree of morbid 
change in the upper part of the cord, the gradual diminution of the 
‘atrophic change from above downwards until the lumbar level is 
reached, and the integrity of‘ the grey matter so richly supplied by 
the anterior spinal arteries, all make the “ general intoxication” theory 
unacceptable, It may be advanced that the affected areas are composed 
of fibres whose powers of resistance is less than that of others, but for 
this assumption we have no foundation in fact. -Presumably the poison 
does not act unaided and indiscriminately, and there are reasons for 
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surmising that the sympathetic nervous system is, in all likelihood, the 
i intermediary i in determining the localization of the lesions. We propose 
to bring ‘forward evidence -in support of this view, derived from recent , 
work in connexion with the autonomic system, as many points in its 
anatomy, physiology, and embryology, along with some of its relation- 
ships to the endocrinic glands, seem to have a direct bearing on the 
argument before us. We have no accurate knowledge with regard to 
the part played by the sympathetic system in the causation of, central 
_ lesions, but the probability of its action in this direction should not be 
‘denied for the present, in view of its intimate connexion with the 
spinal cord and vessels. Neuropathology in the past has provided many 
data of importance regarding nervous function, and the lesions under 
discussion, lying as they do, almost entirely within the realm of the 
thovacico-lambat vasomotor system, suggest that the influence of this 
upon the central nervous system cannot be ignored. Our experiments 
affected special parts of the sympathetic system, and De neeae corres- 
ponding localized lesions. 

The sympathetic nervous system, though intimately connected with 
the central nervous system, differs from it in many respects. “It controls 
the visceral and involuntary functions òf the body and has been termed 
by Langley the autonomic system. Its autonomy is only, relative how- 
ever; it has close anatomical and physiological relationships with the 
central nervous: system. ` 

Two ganglionated cords run aléng the ventral surface of the 
vertebra from the atlas to the coccyx, segmentally interrupted by ganglia. 

‘Each is divided into cervical, thoracic, lumbar, and: sacral portions. 
` The cervical cord contains three ganglia, the thoracic twelve, while the ` 
lumbar and sacral portions have four or five each. The upper two or 
three ganglia of the thoracic cord are ow fused into one called the 
stellate ganglion. 

These ganglia are ma vertebral or lateral: those situated more 
distally, for example in the cardiac, solar, and hypogastric plexuses, are 
called pre-vertebral or collateral, and small groups of cells lying more 
distally still in the course of the nerves before they reach their destina- 
tion have received the name of terminal, ganglia. 

Each lateral ganglion is connected with the spinal cord by a grey 
ramus ; only those corresponding to the spinal segments between D1 
and L2 inclusive are connected to the cord by white rami also. 
` These white rami, composed of medullated fibres, come from cells in the 
lateral horn of the cord (the intermedio-lateral tract) and conduct to 
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the ganglionic delis of the lateral chia The grey rami are not 
medullated, they are derived from the cells of the ganglionic chain 
which-they connect with the peripheral organs.- 

Hach white ramus sends off many collaterals and thus is connected 
with several lateral ganglia. The pre-vertebral ganglia are connected 
with the spinal cord by the splanchnic nerves, and are concerned entirely 
with internal visceral organs situated in the’ abdomen and pelvis. 

The thoracico-lambar connector nerves, that is the white rami 
communicantes, carry impulses to neurons in the vertebral ganglionic 
chain which supply (1) motor nerves for the muscles of blood-vessels 
over the whole body; (2) motor nerves for the musculature of all the 


sweat glands; (8) the whole pilo-motor system; (4) motor nerves for. 


all unstriped muscle in connexion with structures derived from the 
segmental duct, that is, the ureter, uterus, and Fallopian tubes; (5) 
motor fibres to the sphincters of the intestine. The lateral, vertebral 
ganglia supply motor fibres to the blood-vessels of structures innervated 


by the segmental nerves, both spinal and cranial, including the central’ 


nervous system and the thoracic viscera. The collateral or pre-vertebral 
chain sends motor fibres to the blood-vessels of the abdominal and 
pelvic viscera. 


There is an afferent system of sympathetic nerves which convey | 


sensory impulses to the central nervous system. They are medullated 


and pass through the white rami communicantes, and have their trophic 


centre in the posterior root ganglia from which they run in the dorsal 
roots to the cord between the levels of D1 and L2. 

The ‘existence of vasomotor fibres in the brain has until compara- 
tively recently been steadily denied. The action of adrenalin however 
has proved the presence of vaso-constrictors in the vessels of the brain, 
lungs, and heart, although it is ‘admitted that their action is weak, and 
non-medullated sympathetic fibres have been observed to leave the main 
mass and proceed along the roots of the spinal cord which they reach 
by the posterior root especially. From these they pass into the cord 
membranes to’supply the blood-vessels, but none enter the cord itself. 
Moreover, stimulation of the posterior roots has been observed w cause 
constriction of the blood-vessels of the dura mater. 

The sympathetic ganglionic chain thus appears to be an extensive 
system of reflexes.’ It is supplied with afferent and efferent fibres. 
From the level of D1 to L2 there is a connecting neuron within the 


1 We use tho term “ reflex” deliberately here. 
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central nervous system—the intermedio-lateral tract—which completes 
the arc between the afferent and efferent systems, and this fact, to 
which we shall return, seems to be of practical significance in connexion 
with the combined lesions in the cord already described. Another 
important point which must be kept in mind is that sympathetic action 
is dependent upon the supply of adrenalin. This point also shall receive 
further consideration. 

It is not possible in view of recent additions to our knowledge of 
the sympathetic system to consider it as an independent entity. It is 
now known to be intimately connected both anatomically and physio- 
logically with the ductless gland system. In fact, when we come to 
study the phylogenesis and ontogenesis of the vegetative system it is at 
once apparent that its relationship with the adrenal bodies is such that 
the development of each can hardly be considered separately. Phylo- 
genetic and ontogenetic studies prove conclusively that the sympathetic 
nervous system, the adrenal bodies, and all chromaffin tissue must be 
considered as one in relation to thé blood vascular system; and our 
reason for going into some detail in this direction is the importance of 
this relationship upon the cord lesions under: discussion. 

From animals low down in the scale to mammals, the close associa- 
tion of adrenal bodies with the sympathetic system has been recognized 
by many workers. Ina primitive form-of animal life, for example in 
n the Petromyzon, there are two distinct series of bodies. One is 
represented by small lobulated structures in the wall of the posterior 
cardinal veins; of the renal arteries, and of the arteries dorsal to the 
kidneys. They project into the lumen of the vessels and consist of 
cylindrical or polyhedral cells containing granules which stain black 
-with osmic acid. These are the cortical or inter-renal bodies. ‘T'he 
other series—the chromaffin series—extends from the region of the 
second gill cleft to the tail, and each strip of tissue runs along the 
arteries and their branches. These structures bear the same relation- 
ship to the veins as the cortical bodies and correspond to the medulla 
of the suprarenals. These paired suprarenals lie in close contact with 
the ganglia of the sympathetic chain and contain large numbers of 
chromaffin cells. : When we reach the Reptilia we find a closer 
relationship established between the cortical and medullary elements ; 
and in birds it is still closer, the latter occupying the meshes of the 
former. 

Mammals alone possess a true cortex and medulla, the latter 
completely surrounded as a rule. The cortex has the same structure 
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-as its’ homologues in the lower vertebrates, and consists of rounded 
groups or columns of ‘cells containing fat-like granules: which stain ` 

. deeply with sudan III, schatlach red, and: become blackened with osmic 

“acid. The cells of the medulla have a great aflinity for nuclear stains, 
and with chromium salts may assume any shade from a bright yellow 
to a dark brown. Cells exhibiting precisely this reaction have been 
found in the carotid body of .mammals; and accessory ‘chromaffin 
‘substance i is found in any part of the body jnto which the sympathetic 
system extends, but especially in connexion with the abdominal 
sympathetic. 

Now physiology teaches us that all chromaffin tissues yield 
adrenalin, or,a similar chemical substance, and that the effects produced 
by this are almost all such as are produced by the sympathetic system. 
Comparative anatomy shows also that in addition to the medulla of the 
adrenal body there are numerous scattered bodies' of the same nature in 
close rélation to the sympathetic ganglia and nerves throughout the 
body. The adrenalin passes by the adrenal veins into the general 
‘circulation and assists in maintaining the tone of sympathetically 
innervated muscle and other tissue; ard it is interesting to note in this 
connexion that the cells of the medulla are derived from the cells of the 

embryonic sympathetic system. Swale Vincent [11]—from whose 
` comprehensive work we have borrowed extensively—affirms “that the 
cortex is derived from the mesoderm and the medulla from the same 
` blastema as the sympathetic ganglia -is now universally conceded.” 
The intimate relationships between the vegetative nervous system and 
chromaffin ‘tiseue is therefore obvious. 

i If we look more closely into the development of the sympathetic 
system its intimacy with adrenal tissue from the earliest is clearly 
demonstrateéd. 

There are two views regarding the genesis of the sympathetic 
nervous system, one that it is of mesodermal origin, the other that it is 
derived from’ the ectoderni. In æ recent and important paper by 
Bruni [2] the whole question is revived and several facts of funda- 
mental importance added. Observations in the higher vertebrates, and 
especially in birds, leave no doubt that sympathetic rudiments appear 
before there are any visible signs of rami communicantes connected 

_with them. Bruni'is of the opinion that the first limiting layer is 

derived from the mesoderm. Near the place where the segmental 

vessels leave the aorta and at the cranial extremity of the mesonephros 

; ‘small cellular mesodermal accumulations appear. In æ short space of 
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time these, at first arranged segmentally, are gathered into & continuous 
_ column ‘and rapidly extend’ cranially and caudally, forming a dense. 


protoplasmic trabecula. Such formations ‘are particularly evident in 
the thoracic and abdominal regions. 'Two other facts deserve special 
notice. One is that in this mesodermal rudiment droplets of a- 
substance develop possessing @ strong affinity for hematoxylin. 
Secondly, simultaneously with the, formation of these droplets, or 
shortly afterwards, neurocytes appear in the lateral branch of each 


' spinal nerve—at least in the thoracic region—which accumulate ate, 


point in the nerve least distant from the mesodermal rudiment and are 
projected towards it. Bruni is firmly of opinion that the mesodermal 


` rudiment of the sympathetic is originally independent of the ectodermal 


portion, and adds that the former exerts an ead on the ventral 
branch of the spinal nerve. ‘ p“ 

‘In a very short period of time the mesodermal and ectodermal 
rudiments become fused, and as development proceeds some of the 
trabeculae (mesodermal) assume intimate relationships with the: endo- 


‘thelium of capillaries lyitig laterally and ventrally to the aòrta. The* 


mesoderm then becomes rarefied, shows segmental swellings, and a few 
cells like posterior root ganglion cells. It is important to note at this . 


‘stage that the mesodermal rudiment spreads laterally and in front of the 


aorta in the region where the coliac and aortico-abdominal plexuses 
develop. ʻA visceral ramus of each ventral spinal nerve now enters. the 
mesodermal rudiment in the thoracic region’: in the abdominal region 
part only enters, while the remaindér expands in the region of the 
coliac and abdominal plexuses to ‘establish connexions with the 
mesodermal polynucleated protoplasmic trabecule. i 
From this stage onwards nerve fibres pepetrate the trabecúlar mass, 


i ' freely, which thus -becomes linked up by rami communicantes to the 


spinal nerves. With the advancement of development the polynucleated 
masses become more scanty, save in the region of thé future celiac and 


` abdominal plexuses where they: undergo ‘a decided increase. These. 
' masses dre permeated by nerve fascicnli, and arè in intimate contact 


with the endothelium of the large capillaries. ‘Still later in develop- 
ment the mesodermal rudiment, having attracted the fibres and cells of ` 
the spinal nerve destined to supply the true sympathetic elements; and . 


having established connexions with the endothelium of the vessels, in i 
part becomes transformed into a fibro-cellular cord, while ai portion in 


the region of the cœliac and abdominal plexuses develops into the 
chromaffin formations which constitute the paraganglia and the 
medullary substance of the suprarenals, È 
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There - -are some special points in connexion with the cervical 
sympathetic which deserve notice. Here the primary limiting layer 
gradually becomes less intimate with the spinal nerves and establishes 
connexions with the cranial nerves, especially the tenth, which in 
mammals contributes cellular elements early to the sympathetic cord: 
The superior and middle cervical ganglia are ‘derived from a non- 
segmefited cord, are not supplied with neurocytes by spinal nerves 
metamerically, but by elements which come up from the thoracic region 
. and down from the ganglion nodosum of the vagus nerve. This is an 
. Important point, ‘and Bruni mentions it in relation to the observations 
of His, Kuntz, and Abel, according to whom elements from the ninth 
and tenth cranial nerves supply supra-diaphragmatic plexuses of the 


' ‘sympathetic, especially the cardiac plexus and ganglia. Studies in 


comparative anatomy show that as we ascend the animal scale the 
components of the cervical ganglion tend to come progressively less 
from the spinal nerves and more from those of the aymnpetoue portion 
of the vagus. 
i An examination of the data obtained from a study of the sympathetic 
‘system provides us. with certain facts which, if they do not afford a 
complete explanation of the lesiqns in the conditions mentioned above, 
at least are of sufficient importance to merit attention, and suggest a 
problem worthy of further investigation. There.can be no doubt that ` 
the localization of these lesions in the central nervous system is not 
caused in a haphazard fashion in the course of a general intoxication. 
Such. a definite localization as we have seen in the area of pial supply 
can be, in the cord at least, correlated with the spinal distribution of ` 
the thoracico-lumbar sympathetic system. This we have seen possesses 
central neurons (the intermedio-lateral tract) which send efferent 
“fibres, preganglionic fibres, to the ganglionic chain, and receives afferent 
fibres, all, or nearly all, of which run into the posterior;root ganglia— 
their trophic centre—and onwards into the cord by the posterior roots 
without entering into direct relationships with the sympathetic ganglia. 
The stimulus which these afferent fibres communicate must reach, 
thereforé, the central nervous system before transmission’: to the 
periphery. We must conclude from this that in the sympathetic 
gangliortic chain there is no true reflex arc, or in other words that it 
cannot 'subserve reflex action without the intervention of the cerebro- 
spinal axis. But experiment has showh that in the sympathetic chain 
there are pseudo- or axonal-reflexes in which ho afferent -fibre is 
involved, and when a stimulus is applied to an axis-cylinder it can be 
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transmitted by one of its collaterals to another cell or another ganglion 
as each preganglionic fibre sends collaterals. to many ganglia. 

Langley’s work shows, however, that the sympathetic ganglia 
cannot maintain tone apart from the central nervous system, and the 


“consensus of opinion seems to be that the ganglia merely act as 


reinforcing centres for stimuli from the central axis. But in the 
afferent and efferent systems of the spinal sympathetic centres and 
their connexions with the chain of ganglia we have all the elements of 
a true reflex arc, and the distribution of the spinal cord lesions is 
practically within the realm of this arc. 

The involvement of the cervical segments does not contradict the 
argument, for, though the thoracico-luambar mechanism ‘lies within the 


“limits of D1 and L2, it should be remembered that the lower half of 


the cervical cord is supplied by the ramus vertebralis composed of grey 
fibres derived from the stellate ganglion, which consists in a fusion of 


_ the first two or three thoracic ganglia. There are strong anatomical . 


reasons, therefore, for the hypothesis’ that some disturbance of the 
sympathetic system may be held responsible for the localization of the 
atrophic and sclerotic changes, as they are only found.in the vascular 
areas known to be urider sympathetic control, i.e., those supplied by 
the pial vessels. i 

It is difficult to understand why the lower cervical and upper dorsal 
regions are most affected, and we haveno explanation to offer. In all 
probability this problem, amongst others, involves an elucidation of the 
complex reflex paths in the sympathetic chain. Obviously these are 
not so direct as those in the peripheral spinal nerves, a point well 
exemplified by such common examples as the complex course of the 
dilator fibres of the pupil, the referred pain of visceral disease, and the 
unilateral malar flush so frequently seen in pneumonia. That the 
sympathetic system, however, comes into action in physiological and 
pathological conditions in the central nervous system seems to find 
additional support from the spinal cord lesion found in Addison’s 
disease, whose syndrome is that of adrenalin inadequacy. Here we 
have muscular hypotonus and fall in blood-pressure generally, from ~ 
which one can argue vaso-dilation in the pial supply of the cord., 

We would suggest, therefore, that the lesions we have described are 
due to some interference with the thoracico-lambar sympathetic reflex, 
caused possibly by pathological stimuli, or by the absence of substances 


‚which maintain its balance. This results in dilatation of the pial 


vessels whose permeability is thus increased. Hence the diffusion of 
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noxious substances amongst the nerve fibres is facilitated, resulting in a 
progressive and ever-widening circle of atrophy and sclerosis. 

If we are correct in the assumption that the organic cord lesions we 
have described are the result of some disturbance of the sympathetic 
system, then it would seem equally legitimate to suggest that certain 
so-called functional disturbances of the central nervous system may 
owe their origin, or if not that, their tendency to recurrence and 
permanency to the same mechanism ; for, as we have seen, the sympa- 
thetic system is intimately linked up with the central nervous system, 
has no true autonomy, and there are anatomical paths which provide 
for a constant interaction between both. f 

Stimuli must be passing constantly from the sympathetic to the. 
central nervous system, as there are special sense organs in the viscera 
and a definite sensory afferent path; and although these stimuli do not 
pass the threshold of consciousness normally, one cannot deny that 
they exercise physiological effects, knowing that under abnormal con- 
. ditions they evoke pain. “We must admit, therefore, that the stimuli 
from the sympathetic system exert an influence upon the brain under 
normal conditions, and play an important part in mental activity. In 
all probability stimuli coming from the vegetative organs to the brain, 
where they excite bodily sensations and instincts in consciousness, are 
of as great importance as those derived from the external world. And 
there is another point which must be taken into consideration. The 
relations which the sympathetic chain has with the vascular system 
and the ductless glands add very considerably to its functional import- 
ance in physiological and pathological conditions, so that in considering 
its influence on the central nervous system we have not only the effect 
produced by stimuli to take into account, but that through the vascular 
and endocrinic systems as well. 

The precise relationship of the vascular sti to the nerve-cells, 
and the mechanism by which the functional activity of these highly 
specialized elements is controlled, is still very obscure.. Some modern 
workers are of opinion that the neuroglia plays some part in the 
process, and though the views advanced are not yet quite convincing, 
still with our knowledge so scanty as it is at present we must give them 
due consideration. 

‘Achtcarro [1] considers that all the protoplesmatic neuroglia 
functionates as an interstitial gland which acts on the nerve elements l 
and on the'blood, contributing by means of special hormones to the 
endocrinic harmony of the organism. This view is based to a large 
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extent on the presence of a foot-like process at the, peripheral end of 
the neuroglia fibre which forms a connexion with the blood-vessels, and 
on certain embryological data. 

The primitive neuroglia is represented by the ependyma, and, as 
development proceeds, the “ neuroglial-ependymal” elements pass into 
the depth of the tissue. These embryonic neuroglial cells develop more 
, rapidly in those ganglia which have acquired the greatest morphological 

and physiological importance. As the central nervous system thickens, 
and acquires a rich vascular network, the connexion between the 
neuroglia and blood-vessels becomes progressively more intimate, and 
Achtcarro advances this ‘in support of his hypothesis that the neuroglia 
-is a, glandular vascular system. Cajal also is of opinion that there is a ' 
nutritive relationship between the neuroglia and the nerve-cell. When 
the nerve-cells are nourished from the ependymal space, they remain in. 
that situation, and are unipolar ; but when the vascular network is 
established, and the neuroglia becomes autonomous, then the neurons 
migrate, and become multipolar. It would appear from these authors . 
that the neuroglia, under normal conditions, neutralizes noxious sub- 
stances coming from the vessels, and destroys catabolic products from 
the nerve-cells, thus constituting a constant chemical rejuvenator, to a 
certain extent, in the substance of the nervous system. Achtcarro then 
‘pushes his theory still further, and applies it to the mechanism of the 
emotions. Granted, he says, that there is an indirect connexion 
between the nerve-cells and the vascular system, the neuroglia con- 
-sidered as an internal secretory gland could take part in the emotional 
. mechanism. Recent researches, he continues, especially those of 
Cannon, have shown that in emotion,not only is there a dynamic reper- 
cussion transmitted from the nerve elements, but there is also a true 
humoral repercussion expressed. by an: increase of glucosides and 
adrenalin in the blood, indicating hyperactivity of the adrenals. In 
this connexion Crile has drawn attention to an increased activity of 
the thyroid in emotion. Achtcarro thinks, therefore, that he is justified 
in advancing the theory that the protoplasmatic neuroglia, on account 
of its structure, relationships with the vascular system, and intimacy 
with the nerve-cells, can at certain times of nervous activity pour, 
hormones into. the blood which provoke other endocrinic manifestations 
‘with which emotionalism is associated. i 
Lugaro [8], criticizing Achtcarro’s work, draws- attention to its 
psycho-physiological nature in relation to the somatic humoral 
‘mechanism of the emotions. He points out; however, that emotion, can 
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be awakened purely dynamically through the nerve paths. Emotional 
phenomena take place with such rapidity that only nervous trans- 
mission from the brain to the periphery, and vice versa, could bring 
them-into play. Were the emotional mechanism entirely dependent 
upon internal secretion, the emotion would occur slowly and last an 
excessive time. Lugaro notes that all the phenomena manifested 
during an emotion, or immediately afterwards, are not an integral part 
of its mechanism. It is conceivable that they,could be for the most 
part purely collateral effects, devoid of any biological utility and perhaps, 
by their overflow, even damaging. He suggests the investigation of 
the relationships between certain conditions of disturbed hormonic 
equilibrium and the-variations which they induce in the excitability of 
the nervous elements, especially those of the visceral system. Possibly 
for each type-of disturbed equilibrium there may be an excessive facility 
or an abnormal inhibition of certain emotions. For example, there are 
the anxious apprehension in Graves’s disease, and the phlegmatic 
_ character in hypothyroidism. An ideal affective equilibrium,” ideal 
character, and a perfectly normal emotional state only exist with 
perfect hérmonic equilibrium; and if lively emotions, especially when 
prolonged, disturb the hormonic balance they acquire greater importance 
inasmuch as an abnormal emotional state arises through disturbed 
humoral equilibrium. It is along such lines that Lugaro thinks we 
shall arrive at a knowledge of the physiology- and pathology of the 
affections, and perhaps even find a rational somatic therapy of the 
dysthymie. 

There is an interesting paper by Von Monakow [5] in which he 
enters a plea for the material basis of the sentiments and emotions. 
He.is of opinion that the material basis of the sentiments ought to be 
regarded as chemical, not as anatomical or morphological. The 
chemistry of the blood and endocrinic glands comes into play as a vary- 
ing and most important factor. The chemical composition of the blood 
is of cardinal importance for the sentiments; for sensation, motion, 

_ and orientation in time and space, it is—within physiological limits— 
of less importance: Even as low down in.the animal scale as Vermes, 
there exists, in the cells of Leydig, an organ homologous with the 
endocrinic glands. In the human footus.there are at thé second month 
indications. of the suprarenal capsule, which are intimately connected 
with the sympathetic ganglia; and the extreme sengitiveness of the 
sympathetic to pharmaco-dynamic action has beén demonstrated by 


, adrenalin, pituitrin, cocaine, nicotine, ae aa &e. Cannon and, 
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Asher have shown that psychic excitement determines, through the 
sympathetic paths, a hypersecretion of adrenalin into the blood. The 
internal secretory glands, therefore, influence the nervous system in 
general, and the sympathetic in particular, and so provide a diffuse 
mechanism which regulates the vegetative or instinctive life of the 
organism, Thus the way is paved for elective chemical actions to 
“ ereate,.on the exhibition of special stimuli, a favourable or inhibitory 
influence, and determine, amongst a conflict of stimuli, the appearance 
of a certain sentiment: Von Monakow then proceeds to discuss the 
- epochal development of the sentiments in man and his conclusions are 
of the greatest interest. He says that, broadly speaking, the evolution 
' of the sentiments cannot be placed in clear relationship with the phases 
‘of anatomical development. All we are justified in saying is that 
the primordial sentiments ought to have a more solid- organic basis 
than those of Jater growth, and therefore under morbid conditions their 
_ resistance to the tendency to dissolution ‘is greater. He supports the 
psycho-analytical school who ascribe great importance to the psycho- 
genetic factor in the functional psychoses, neurasthenia, obsessions, and 
hysteria, but tempers their views by an unqualified admission of somatic 
factors. While he readily grants the frequent incidence of degenera- 
‘tion as a predisposing factor, great stress is laid upon the biochemical, 
organic, or somatic factor, thats to say, one absolutely apsychic. For 
example, moral trauma, severe psychic conflict, unsatisfied strong 
instinctive tendencies, disturb, through the sympathetic system, the 
endocrinic glands; and thus changes arise in the blood, which, 
combined with prolonged psychic stimuli, create nervous. instability, 
resulting in neurasthenia, hysteria, phobias, and hypochondriasis. 
“Evidently then,” as Lugaro remarks in his criticism [4], ‘‘ the 
nervous system and the endocrinic glands act as one under certain 
circumstances and constitute the basis of many changes in normal 
psychic life; both are naturally more operative in certain pathological 
states, which psychologists have tried to explain by fantastic hypotheses- 
Between moral trauma, which arises from a psychic cause and its 
psychopathic effects there are a series of phenomena which no doubt 
come under the term ‘unconscious.’ But the ‘unconscious’ is not 
necessarily that of the psycho-analyst, psychic unconsciousness; it is 
conceivably the result of chemical phenomena as unconscious and 
apsychic as any other.” 
The psycho-neuroses of the war provide an ample field for the 
application of all the above data, and demonstrate conclusively how 
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disturbano of the sympathetic mechanism, of the endocrinic glands, 
and morbid emotional conditions, combine to bring about pathological 
psychic and nervous phenomena. Doubtless these three factors do not 
act separately. From their physiological intimacy we can hardly 
escape from the conclusion that all three act together. 

Pathogenesis is “invariably a difficult problem and especially so in 
the case of psychoneuroses. As Pighini [9] points out in his dis- 
cussion of the clinical symptoms and pathogenesis of emotional psycho- 
neuroses, we still know little of normal psychic processes, and of their 
connexion with other organic ‘processes in the body. The physiology 
of pleasure, pain, and of the emotions generally shows us, however, that 
these psychic states are associated constantly with:somatic repercussions 
which are majntained especially by the sympathetic nervous system ; 
but much obscurity exists regarding the manner and path of conduction 
by which thege come about. Pighini is an adherent of Bechterew’s 
view, that in the cortex there are so many successive “sensory-motor 
regions with psychic.functions. Each of these regions consists in @ 
receptive centre which is in intimate functional and anatomical 
connexion with a neighbouring efferent centre, thus forming an organic 
neuropsychic unity, e.g., optico-motor, acustico-motor, tactile-motor. 
Sympathetic centres are intimately connected with the above and take 
part in all psychic and psycho-sensorial processes, and thus it is easily 
conceivable how the sympathetic system becomes involved in disturbed 
neuropsychic activity by direct transmission from the original site of 
injury in the sensory motor cortex. For example, the hyperexcitability 
of the cortical visual or auditory zones, induged by shock, may be 
diffused to the limiting efferent regions and onwards to the inferior 
centres in the mesencephalon, medulla, and cord. Hence there arise 
dilatation of the pupils, nystagmus, cardio-vascular and vaso-motor 
phenomena, and other symptoms. 

The more extensive the neuropsychic zone excited by emotional 
trauma is, the more accentuated and complex is the morbid reper- 
cussion in the sympathetic sphere. These are always more or less 
accentuated, and are an integral part of the syndrome of traumatic 
psychoneurosis. The purely psychic symptoms of stupor, acute confu- 
sion, hallucinatory delirium, excitement, and exaggerated emotional tone 
come on as & rule before the somatic symptoms due to involvement of 
the sympathetic and endocrinic.systems; and Pighini is of opinion that 
this implication assumes, secondarily, the preponderating part in the 
morbid process and prevents recovery of the disturbed central function. 
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‘The somatic ae therefore, are’ worthy of the most minute 
examination, seeing that they may ‘prove ‘tc be the key to the correct ` 
interpretation of the morbid state. 

In regard to the sympathetic system the most Spates signs are 
those of hypofunction. It must be granted, however, that it is, often | 
a difficult matter to decide whether the disturbance is due to hypo- . 
function of one system or hyperfunction of its antagonist. Por 
‘example, in a case presenting dilatation of the pupil and tachycardia 
one has to determine whether these depend upon heightened tone 
of the sympathetic or diminished tone of the antagonist third or 
_ tenth nerves. Pharyngeal and laryngeal sanssthesia, paresis of the 
vocal cords, tachycardia, asthma, frequent vomiting, the absence of the 

oculo-cardiac reflex and its inversion, all point to vagus hypotonia ; 
while bladder trouble points to involvement of the pelvic nerve. ; 

There are other symptoms indicating involvement of that part of 
‘the aympathetic in close relationship with the endocrinic glands. 
‘These are dermographism, hyperidrosis, epigastric impulse from the | 
aorta, exophthalmic goitre, and erythromelalgia. Tremor and clonism 
accompanied by tachycardia, marked asthma, slight hyperthermia, 
hyperidrosis, and psychic hyperirritability are common. Pighini 
attributes those symptoms to endocrinic disturbance, and is inclined to 
give preference to an altered functional state of the thyroid gland. He 
has found that the thyroid gland reacts readily to sympathetico-cortical 


trauma, and, having undergone change in function, in turn it induces 


morbid complications ‘amongst other units of the complex endocrino- 
sympathetic system. This inevitably leads to a reduction of hormone 
‘influence and consequently autonomic hypotonia, whose symptoms 
amongst others are tremor, Addison’s, disease, Raynaud’s disease, 
emotional hyperidrosis, diabetes mellitus, and angioneurotic eruptions. 
All these conditions have been observed to follow violent mental 
suffering. . ‘ 

There are certain neurological conditions, incidental to war’ wounds, 
such as trophic disturbance in limbs, osseous ‘and muscular atrophy, 
hypertrichosis, hyperidrosis, oadema, hypothermia, anwsthesia, pares- 
thesia, paresis, causalgic pain, and other symptoms which are not 
‘referable to lesions of the sensory or motor nerves, but rather to 
concomitant sympathetic disturbance. These symptoms according to 
Pighini are true traumatic tropho-neuroses of reflex origin. It would 
seem therefore that the function and conductility of - ‘sensory and motor 
nerves can be injured by vasomotor changes. 
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From all the above it is quite evident that there is sufficient justifica- 
tion for the suggestion that the sympathetic nervous system, though in 
physiological control of the involuntary functions, plays a much greater 
part in central nervous processes than has been previously admitted. 
However one may look at the problem, certain facts emerge which 
prove the close interdependence of the vegetative and central nervous 
systems. 

The situation of the experimental lesions in the cord and brain 
noted above supply us with this fact, that these are the result of 
disordered nutrition and occur in the regions of the central nervous 
system whose vessels are under sympathetic control, that is, in the area 
of pial supply; and the remarkable distribution of the spinal non- 
systemic lesions in the three clinical entities considered affords 
additional evidence of the operation of the sympathetic factor. At 
least-one must attach no small significance to this fact, that these 
lesions in the cord occur within, and attain their maximum intensity 
in the upper part of, the spinal area from which the white rami are 
projected to the sympathetic chain, and pass the bounds of this area 
to a slight extent only. But when we come to study the embryology 
of the sympathetic system and its intimacy with the endocrinic glands, 
and their joint physiological effects upon the central nervous system 
and vice versa, our prior arbitrary division of these into separate organs 
—in the’ physiological sense—becomes manifestly absurd; and the 
clinical evidence substantiates this view. 

It is apparent therefore that in nervous diseases, and in those 
especially which concern the cerebrum, we must in future study not 
only the more prominent symptoms dependent upon disturbed function 
of. the central organ, but also the collateral symptoms arising from 
disturbance of all the peripheral organs intimately connected with it. 
Anatomy, physiology, embryology, psychology and clinicial neurology 
indicate clearly that the problem cannot be solved by a narrower 
programme. 


BIBLIOGRAPHY. 


[1] Acmýoargo, N. ‘De l'Evolution de la Névroglie, et Spécialament de les Relations 
avec l’Appareil Vasculaire.” Reviewed in Rivista di Patologia Nervosa e Mentale, 
1917, vol. xxii, p. 321. 

[2] Bron. '“ Appunti sullo Sviluppo del Sistema nervoso simpatloo negli Amnioti.” 
Archinto per ls Scienve Medsche, 1917, vol. xl, p. 146. 

[8] Luearo. Rinsta di Patologia nervosa e mentals, 1917, vol. xxii, p. 828. 

[4] Idem. Rivista di Patologia nervosa e mentale, 1917, vol. xxii, p, 368. 


- 


22. ORIGINAL ARTICLES AND CLINICAL OASES 


[5] vox Monaxow. “ Gefuhl, Geslttung und Gehim,” Correspondensblatt für Salsbeteer 
Agerste, 1916, vol. xlvi, p. 929. 
[6] Onr and Rows. ‘ Lymphogenous Infection of the Central Nervous System,” Brain, 
1914, vol. xxxvi, p. 271. 
(7) Idem. “Further Observations on Experimental Toxi- Infection of the Central Nervous 
. System,” Brain, 1917, vol. xl, p. 1. 
[8] Idem. ‘‘Farther Observations on the Influence of Toxins on the Oentral Nervous 
System,” Proc. Roy. Soc. Med., 1914, vol. vii, 'p. 21. l 
[9) Pram. ‘‘Oontributo alla Clinica e Patogenesi delle ‘ Psiconeurosi emotive’ osservate 
al Fronte,” Rivista Sperimentale di Freniatria, 1917, vol. xlii, p. 298. 
[10] Russaxr, Barren, and OOLLIBR. ‘Subacute Combined Degeneration of the Spinal 
Oord, Bratn; 1900, vol. xxiii. p. 89. . 
{11] Sware Vuxomnr. ‘Internal Secretion and the Ductless Glands,” London, 1912. 


o 


CONDUCTION IN PERIPHERAL NERVE AND IN THE 
7 CENTRAL NERVOUS SYSTEM. 


BY E. D. ADRIAN, M.B., M.B.O.P. 
Fellow of Trinity College, Cambridge. 


PAGE 


INTRODUCTION .. a sa oe iS ry aa oo i «+ 28 
OHAPTER [.—Tam IDENTITY or THE ĪNPULSES IN PERIPHERAL NERVE AND IN THE 
ORNTRAL NERVOUS BYSTEN a the oe Be . 24 
Ë 4 
Onaprer IL—Taz CHIEF OnARACTERISTICS OF THE [MPULSE IN PERIPHERAL NERVE | 
: § 1.—The All-or-None Principle ave .. 28 
$ 2.—The Recovery after the Passage of an Impulse . - 81 
OHAPTER ILI.— Susmration AND INBIBITION IN PERIPHERAL NERVE Ga < -- 88 
CHAPTER IV.—NERYE-ENDINGS AND SYNAPSES .. ne oi a2 .. 36 
, HAPTER V.—OConpvoTion IN THE REFLEX Arc.- s OR s <- 4i 
INTRODUCTION. 


WITHIN recent years the process of excitation and conduction in the 
peripheral nerve-fibre has been analysed with considerable accuracy 
and our conception of the nervous impulse has become far more | 
` definite. This analysis is inseparably connected with the ‘name of 
Keith Lucas, and it is‘ grievous to speculate how far he would have 
extended if if he had lived. The results so far attained may be 
considered from two distinct points of view., In the first place they 
represent the groundwork of an attempt to express a function of the 
living cell in terms of physics and chemistry. They are studies in cell 
physiology, rather than in neurology, and though the particular function 
investigated happens to be that of nervous conduction, this function was 
- chosen only because it happens to be very highly developed in certain 
specialized cells and therefore: susceptible to much more accurate 

measurements than other functions such as those of assimilation or 
l secretion. The investigation of'the, ‘temperature coefficients of the 
different phenomena in nerve [5], [27], thecharacteristics of the electric 
current required to excite [29], the relation .of the size of the impulse 
to the rate of conduction [6], [21], and similar problems are all directly 
concerned with this aim and their results form a body of evidence on 
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which any theory of nervous activity must be judged. They have 


already led to theoretical results of some interest [82], but any advance 7 


on these lines must needs be a slow business, since it is limited by our 
very imperfect knowledge of colloidal phenomena and, although this 
need not deter us, it may turn out in the end that the vitalists are in 
the right when they assert the impossibility of describing vital- processes 
in terms of the laws of mechanics. 

But the analysis of conduction and excitation in the nerve-fibre may 
be considered from an entirely different point of view, that of the 
neurologist who is concerned not with the physics and chemistry of the 
nervous impulse but with the mechanism by which the impulse is made 
to serve a useful purpose ın the body, the mechanism of the reflex arc 
and of the central nervous system in general. Unless we know the 
chief characteristics of the nervous impulse in simple conducting tissues, 
such as the peripheral nerve-fibre, it is waste of time to speculate on the 
nature of inhibition, ‘summation, and all the other modifications of 
nervous activity which make up the work of the central nervous 
‘system. In this sense a knowledge of the behaviour of the impulse in 
a single nerve-fibre must form the basis of all neurology which is not 
concerned exclusively with the anatomical and functional arrangement 
of different tracts and cell stations in the cord and brain. 

As will be seen, the analysis of peripheral conduction reveals several 
` principles which are of direct importance to neurology. These 


principles have been outlined in the following article, which is little . 
more than a summary of Keith Lucas’s work on the nervous- 


impulse [34]. It must be understood that the extension of our 
knowledge of peripheral conduction to cover the case of the central 


nervous system as well can only be justified as a forecast which may ` 


need a good deal of modification when the evidence is more complete, 
but it is at least a forecast which may suggest future lines of attack. 


CHAPTER I.—THe IDENTITY OF THE IMPULSE IN THE NERVE-MUSCLE 
PREPARATION AND IN THE InTACT NERVOUS SYSTEM. 


As most of the evidence has been derived from experiments on the 
classic sciatic-gastrocnemius preparation of the frog, it is as well at the 
outset to consider how far we are justified in assuming that the impulses 
set up in an isolated nerve by electric stimuli applied to the nerve trunk 
are identical with the impulses passing in or out of the central nervous 
system in the intact animal. The point is so important that it merits 
discussion in some detal. i 
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Clearly, if what we call the nervous impulse in an isolated muscle- 
nerve preparation is an artificial effect quite unlike anything that 
happens in life its investigation will not help us much. As a matter 
of fact this extreme position is seldom advocated and there is abundant 
evidence that impulses identical with those studied in isolated nerve do. 
form a large proportion of the impulses which occur under normal 
conditions in the body. The electrical stimulation of motor and sensory 
nerves in the living subject produces effects which differ in no way 
from those due to normal reflex activity; the rates of conduction are 
the same and the muscle gives the same oscillating electric response. 
Much of this evidence has been discussed at length by Piper [87], but 
the most conclusive proof comes from the recent experiments of Forbes 
and Gregg [18]. In these experiments it was possible to photograph 
the changes of potential in a motor nerve forming part of a reflex arc 
and called into activity by stimulating the appropriate sensory nerve. 
Taking into account the slight differences introduced by variations in 
the length of the conducting path, &c.; it was found that the records of 
reflex activity showed electric responses which did not differ in any way 
from the electric responses obtained by direct stimulation of the isolated 
nerve. Thus we can scarcely doubt that the active contractions in a 
reflex arc are called up by nervous impulses of the same nature as 
„those which form the subject matter of the classical muscle and nerve 
physiology. But it may reasonably be questioned whether there are 
not other forms of conduction in the intact nervous system quite unlike 
. the form which can be studied in isolated nerve. -It must be admitted 
at once that we know very little of the nature of conduction in non- 
medullated nerve and we must be content to regard the action of the 
autonomic system as outside the scope of the present inquiry. How- 
ever, the- real difficulty arises from the fact that we do not know 
whether the tonic postural contraction of voluntary muscle is controlled 
by the same nervous mechanism as that which regulates the active 
phasic contraction. The’ evidence on this subject is still very in- 
conclusive. Undoubtedly there does exist in certain muscles, e.g., 
those operating the claw of the crayfish, a tonic mechanism which 
enables the muscle to remain shortened for long periods without 
appreciable loss of energy. This steady ‘contraction appears to be 
entirely different from the tetanus produced by repeated stimulation 
of a nerve leading to the striated muscle of a vertebrate. Whether 
the saine type of mechanism comes into play in such conditions as 
decerebrate rigidity, or’ indeed in ‘all forms of postural contraction, is 
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still an open question. Many attempts have been made to show that 
voluntary muscle contains two distinct contractile mechanisms for the 
twitch and for the tonic contraction supplied by two sets of nerves, 
medullated and non-medullated, or by two forms of nervous impulse. 
If this is so it is clear that the production (and inhibition) of tone must 
be due to a mechanism quite distinct from that studied in the muscle- 
nerve preparation. ‘The theory owes most of its development to 
Bottazzi [15], who identifies the two contractile mechanisms with the 
sarcostyles and sarcoplasm of the muscle; it certainly offers an easy 
way out of the many difficulties which arise when we attempt to 
compare the twitch and the tetanus of the frog’s gastrocnemius with 
the nicely adjusted movements of the living body, but it does so by 
postulating a mechanism of which we have as yet no direct proof and 
of a nature sufficiently vague to make disproof very difficult. For a 
detailed account of the evidence the reader must be referred to the 
papers of Bottazzi, Roaf [88], Langelaan [23], Dusser de Barenne 
[18], &. The question will be referred to again in connexion with 
inhibition. For the present, it is justifiable to conclude that the 
impulses which govern the rapid contractions of striated muscle in the 
body are identical with those which can be reproduced experimentally 
in isolated nerve, but we must admit that there may be other kinds of 
nervous impulse of whose nature we are still quite ignorant. 


CHAPTER Il.—Tsr CHIEF CHARACTERISTICS OF THE IMPULSE IN 
PERIPHERAL NERVE. 


$ 1—The All-or-None Principle. 

When the frog’s sciatic nerve is stimulated mechanically, electrically 

or chemically, the gastrocnemius muscle contracts after a short but 
. appreciable interval. The interval is longer when the stimulus takes 
effect at some distance from the muscle, and shorter when the distance 
is less. By measurements of this kind it can be shown that the stimulus 
sets up some disturbance in the nerve which travels down it at the rate 
of about 28 metres a second, and leads eventually to the contraction 
of the gastrocnemius. This disturbance is spoken of as-the nervous 
impulse. Its nature is unknown, and the only direct accompaniment 
of it which can be detected with certainty is the electric response. The 
nerve in the region stimulated becomes electrically negative to other 
points on the nerve, and a “wave of negativity” spreads out in both 
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directions with a velocity equal to that of the nervous impulse. . There 
is possibly an evolution of CO, at the same time, but this is still rather 
dbubtful [44]. 

Now, if two stimuli, separated by a short interval of time, are sent 
into the nerve, two nervous impulses are set up, two electric responses 
pass down the nerve and the muscle gives a summated contraction due 
to the fusion of two twitches. However, if the interval between the 
stimuli is reduced until it is of the order of 0'008 second, the second 
stimulus fails to set up any nervous impulse; the second electric 
response is absent and the muscle gives a single twitch only. In the 
same way if the stimuli are repeated with sufficient rapidity the nerve 
may fail to respond to every second or every third stimulus, and the 
number of nervous impulses may be only a fraction of the number of 

‘stimuli. This fact is of fundamental importance; it shows that the 
activity of the nerve-fibre cannot be continuous, and that conduction 
must always proceed by means of a series of discrete impulses which 
cannot follow one another at leas than a certain interval. ‘This interval 
is known as the refractory period; it varies with the temperature, the 
nature of the fluid surrounding the nerve, &c., but on the whole it is 
remarkably constant when the external conditions are not changed, 
and it is therefore extremely’ amenable to experimental analysis. 

The mere existence of the refractory period leads to a very interesting 
conclusion as to the relation between the stimulus and the impulse [4]. 
It can be shown that the action of the external stimulus is to produce 
a local disturbance of a nature quite different from that of the nervous 
impulse; this local change takes a certain time to develop, and: it must 
reach a certain intensity before the nervous impulse is set up at all, 
if it does not reach this intensity it subsides gradually when the 

_ stimulus ceasés and nothing further takes place. Once the requisite 
intensity is reached, the nervous impulse is set in motion and the tissue 
enters into the refractory state. A second stimulus of the same strength 
occurring very soon after the first may increase the local change, but it 
will not be able to set up a second nervous impulse. Now if we reduce 
the time interval between the two stimuli to zero, the two acting together 
will have double the strength of the single stimulus; but, as before, the 
nervous impulse will be set up as soon as the local change reachés the 
required intensity and any further increase in its intensity will be 
without effect. So that, provided the stimulus is strong enough to set 
the impulse i in motion, a further increase in its strength will not have 
any effect on the intensity of the impulse; in other words, the intensity 
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of the impulse does not depend on the strength of the stimulus which. 
sets it inmotion. The'process may be compared to that of firmg a rifle 
by pressing the trigger. A certain force has to be applied to the trigger 
before anything happens, but the force may be increased indefinitely 
without causing the bullet to travel any faster. - 5 
It is, of course, well known that an increase in the strength.of 
: stimulus applied to a motor nerve trunk will lead to an increase in the 
force of contraction of the muscle, but here we are dealing with a structure 
composed of many nerve-fibres, and many muscle-fibres, and the increased: 
contraction might be due simply to an increase in the number of muscle- 
fibres thrown intoaction. By experimenting with preparations contain- 
ing very few nerve and muscle fibres Lucas [27] has shown that this is 
the case,.and his results have been confirmed recently by Hisenberger 
[17]. If the muscle-fibre contracts at all it does so with a constant 
force which is independent of the strength of the stimulus. Thus there 
is an all-or-none relation between the strength of the stimulus and the 
contraction of the muscle-fibre. However, this gives us no information 
about the nervous impulse itself; we are dealing only with the beginning 
and end of a very complicated series of events, and it might ‘be that the 
nervous impulse varied with the stimulus, even though the muscular 
contraction did not. Before considering this it will be necessary to 
arrive at some more definite understanding of what we mean when we 
speak of the intensity or size of the impulse. ' 

From the point of view of the physics and chemistry of nervous 
conduction, the intensity of the- impulse would mean the intensity of 
the change of state which spreads down the nerve-fibre. But we do 
not know what this change of state may be, and although it is accom- 
panied by (and possibly identical with) the electric response, we do not 
know the exact relation between the two. Moreover, there are great 

1 experimental difficulties in measuring the electric response of a single 
nerve-fibre, and the response of a complete nerve-trunk will depend on 
the number of fibres in action as well as on the intensity of the change 
in each fibre. For this reason the measurement of the electric response 
in a nerve does not give much information as to the intensity of the 
impulse in each fibre, although such measurements certainly suggest 
‘that the intensity is independent of the strength of the stimulus [22]. 
‘However, from the present point of view, what really concerns us is 
not so much the intensity of the physical and chemical disturbance 
which is the basis of the nervous impulse, ‘but the capacity of the 
impulse for propagating itself successfully down the nerve-fibre’ and 
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overcoming any obstacles it may encounter in its passage through the 
central nervous system. In this sense it is legitimate to define the 
intensity of the impulse as meaning its capacity for conduction, and 
‘this capacity can be measured without much difficulty. 

When a portion of the nerve-trunk is exposed to the action of a 
narcotic such as alcohol (or, indeed, to any set of conditions which 
leads to a depression of function without actually killing the fibres), 
it is fĝund that a stimulus applied near the distal end of the narcotized 
tract will produce a contraction in the muscle, whereas one applied at 
` a greater distance away will be unable to affect it, in fact there will be 
a limit to the length of narcotized fibre which can intervene between 
the point of stimulation and the muscle if the nervous impulse is to be 
conducted successfully [49], [20]. As the depth of narcosis is increased, 
the maximum distance through which the’ impulse -can be conducted 
becomes smaller and smaller, and this holds good whether the stimulus 
takes effect within the narcotized region or on the normal nerve outside 
it on the far side from the muscle. As the whole of the narcotized 
tract is in the.same state at any given stage in the narcosis, the facts 
can only be, explained by supposing that the impulse becomes progres- 
sively less and less able to travel as-it passes through the narcotized 
region. If it has only a short distance to go it will be able to pass the 
narcotized area and reach the normal fibre again, but if the distance 
is longer its ability to travel will be diminished to such an extent that 
the impulse will be extinguished completely. In other words, the 
intensity of the impulse suffers a progressive decrement as it passes 
through the affected region; when the depth of the narcosis is slight 
the decrement is small and the impulse can travel a long distance 
without extinction; when the depth is greater the decrement is more 
pronounced and the impulse is extinguished before it has gone very 
far. Evidently this furnishes a means of measuring the intensity of 
the impulse in terms of its ability to travel; we have only to arrange 
that the impulse whose intensity is to be measured shall pass through 
a region of progressive decrement, and the intensity will then be propor- 
tional to the distance which can be travelled in this area before complete 
extinction. This method is of great value in many ways, and it can 
be applied very simply to decide the question whether the intensity of 
the impulse varies with the strength of the stimulus or not. A muscle- ' 
nerve preparation is set up so that it can be excited by stimuli, of ° 
variable strength at a point near the origin of the nerve. Between this 
point and the muscle is interposed a narcotizing chamber. The threshold 
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stimulus (i.e., the stimulus which is just strong énough to give a miscular 
contraction) -is first determined and the narcotic is then allowed to act 
gradually until the moment when this stimulus has just ceased to affect 
the muscle. At this moment the decrement suffered: by the impulse in 
the narcotized area will be just great enough to extinguish it before it 
can pass out into the normal nerve beyond. However, an impulse of 
greater intensity should be able to pass through without extinction, 
and if a stronger stimulus is able to set up an impulse of "greater 
intensity we should find that a stimulus two or three times as strong as 
the threshold would still be able to produce a contraction in the muscle. 
As a matter of fact, it is found that stronger stimuli have no such 
advantage; at the moment when conduction fails” for impulses set up 
by a weak stimulus it fails also for ‘those set up by stimuli many times 
as strong. This experiment [43], [26], [3] proves the conclusion. already 
deduced from theoretical grounds, namely, that the strength of the 
stimulus does not affect the intensity of the nervous impulse which it 
sets up, provided only that the stimulus is strong enough to set up 
an impulse at all. f 
This shows that there is an all-or-none relation between the stimulus 
and the nervous impulse, but it does not show that the nerve-fibre 
cannot transmit impulses of different intensities if these can be sent 
-into it by some means other than direct stimulation of the fibre itself, 
e.g., from the central nervous system. Evidently a narcotized fibré can 
- transmit impulses of different intensities, though .in this case the 
intensity does not remain constant as the impulse travels down the 
fibre; again, as will be seen later, the intensity of the impulse may 
vary with the state of recovery of the fibre. Thus the intensity is not 
absolutely invariable under all conditions, but this does not settle the 
question whether it is variable in the normal fibre. This point can be 
tested by much the same method as that described above. An impulse 
is made to pass through a narcotized region so that its intensity is 
reduced, and it.is then allowed to emerge into the normal fibre beyond. 
Does its intensity remain smaller than it was at the beginning or does 
it recover to the normal value as soon as it has left the narcotized area? 
` Its intensity is measured by determining ite ability to pass a second 
narcotized tract and comparing it with that of an impulse which has 
* been set up by stimulation at some point between the two narcotized 
‘tracts. This impulse will not have undergone any reduction in intensity 
when it reaches the second tract, so that its behaviour may be taken as 
an index of the normal. It is found that as great a depth of narcosis 
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or as great a length of narcotized fibre is required to extinguish the 
` impulse in. this second tract whether it has been’ reduced by passage 
through the first tract or not. Thus the impulse must recover its 
normal intensity again when it passes out of the region of decrement 
into normal fibre, and it is therefore impossible to vary the intensity of 
the impulse in normal fibre by compelling it to pass through a region 
of imperfect conduction where the intensity will be reduced, the change 
-in intensity is confined to the affected region and does not persist when 
the impulse emerges into normal fibre again [1]. 

These results are best expressed by the statement that in a normal 
nerve-fibre, where the impulse is not conducted with a decrement, the 
intensity of the impulse at any point depends only on the local condition 
of the fibre at that point and not at all on the previous history of the 
impulse before it arrives there. It does not depend either on the 
strength of the stimulus which set the impulse in motion or on the, 
amount of reduction which the impulse may have suffered in regions of . 
decrement as it passed down the nerve. 

This is generally known as the “‘all-or-none”’ principle in, nervous 
conduction. The foregoing is only a short abstract of the evidence on 
which it is-based, but a more complete account may be found in the 
monograph on nervous conduction by Keith Lucas. 

So far we have considered the impulse as an isolated event occurring 
in: resting nerve, and in this case the intensity appears to be a fixed 
quantity, but in life it is unlikely that impulses ever occur singly except 
perhaps in the simplest of reflex actions. Consequently we have to 
consider how the impulse may be modified if it forms part of a series 
and passes through tissue which is still recovering from the effects of a 
previous impulse. ms 


§ 2—The Recovery after the Passage of an Impulse. 


As we have seen, the immediate effect of -the impulse is to make the 
nerve-fibre absolutely .inexcitable and unable to conduct a second 
impulse. In the frog’s sciatic at ‘15° C. the’ absolute refractory period 
lasts for about 0°008 second after the moment when the first impulse 
passes through the region under investigation. After this the excita- 
bility returns gradually. ' At first’a very strong stimulus is needed to’ 
set up a second impulse and a weaker stimulus has no effect at all, even 
though it is several times as strong as the normal threshold, but as the 
interval between the two stimuli is- increased the necessary strength of 
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? 


.the second stimulus is gradually reduced, until at.about 0'015 second 


it has fallen to' the threshold value again. . Following this comes a 
period of enhanced excitability in which the impulse can be set up by a 
stimulus weaker than the normal threshold for resting nerve [10]. In. 
the frog’s sciatic the increase of excitability is not very great and it is 
often difficult to detect-at all, but there is no doubt that it exists, and-in 
the nerve to the crayfish’s claw the excitability may be increased to as 
much as 125 per cent. of the normal [33]. This period of increased 
excitability probably lasts. until about 0'1 second after the passage of 
“the impulse, though the end- -point cannot be determined with much 
accuracy. 

The changes of excitability are ei by parallel changes : in 
the intensity of the impulse whith can be set up during the different 
stages of. recovery. During the absolute refractory period a second 


, impulse, cannot pass at all, even though it has been set up in some 
_ region where recovery is more advanced. During the stage in which 


the excitability is returning to normal‘the intensity of the second 
impulse,is at first very small, As the interval between the first and 
second impulse is gradually incréased by timing the second stimulus 
later and later, the.intensity gradually rises until at about 0°015 second 
“it is fully equal to that of the first impulse, which ‘has, of course, the 
normal value for resting nerve. During the. period of enhanced 
excitability the second impulse is greater than the first and this increase 

lasts for about the same length of time as the increased-excitability. 
As before, the intensity of the second impulse is measured by deter- 


` mining the distance which it can ‘travel in a region of decrement before 


it is, completely extinguished and comparing this with the distance 
travelled by the first. “When the’ second impulse is, set up very soon 
after the first it is extinguished after a very short distance, but if it is 
set up during the period of increased excitability it will travel through 
' a greater distance than the first.’ / 
Thus the whole course of recovery may be divided.into three stages. 
There is first of all the absolute refractory period when all activity is 


’ abolished, then the period of depressed activity in which the nerve 


conducts an impulse of small intensity and needs a very strong current 
to excite it, and from this there is a gradual transition to the final : 
period of ‘enhanced activity when the excitability is greater than the 
normal and the intensity of the impulse also greater. 

It is to.be noted that for any given stage of recovery the intensity 


of the impulse which can be set-up'is still independent of the strength 
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of the stimulus, provided this is great enough to set it up at all; also 
that the impulse is not conducted with a decrement although it may 
have an intensity less than the normal: As long as the impulse does 
not pass into regions where the state of recovery is altered it remains 
of the same intensity, but the intensity may be reduced by causing it to 
pass into @ region at a lower_temperature where recovery takes place 
more slowly, or: increased by leading it into a region at a higher 
temperature where the recovery is more advanced. 

The results so far described show that the intensity of a single 
nervous impulse, defined as its ability to pass a region of imperfect 
conduction, cannot be altered by changing the strength of the stimulus 
which sets it up, but that in æ series of impulses the intensity of all but 
. the first will depend on the state of’ recovery of the nerve and will, 
. therefore,‘ vary with the interval separating each imptlse “from its 

predecessor. : 


2 


a 4 
CHapteR ITI.—SuMMATION AND INHIBITION OF IMPULSES IN 
PERIPHERAL NERVE: 


These facts make it easy to see how a form of summation may be 
produced in peripheral nerve by the correct timing of a series of 
impulses., There is, however, another type’ of summation which must 
-be considered briefly because it is apt to be confused with‘ the true 
summation of impulses. We have seen that an external stimulus 
brings about a local disturbance in the nerve-fibre which must reach a 
certain intensity before the impulse is set up at all. A stimulus just 
below the threshold strength will produce a disturbance which is not 
quite intense enough to start the impulse. However, this local dis- 
turbance will take a short time to subside, and if another stimulus of 
the same strength is applied before it has subsided the additional 
disturbance may be great enough to reach the’ intensity required to 
‘start the nervous impulse. Thus-two inadequate stimuli applied at the 
same point within a very short time interval may sef up a nervous 
impulse where one alone would fail. This form of summation is purely 
local; it does not occur if the two stimuli are sent in at different points 
on the nerve, as the excitatory disturbance is confined to the point at 
which the stimulus is applied. The effect [28], [24] is generally known 
as the summation of inadequate stimuli, or as the summation of local 
excitation, and it is an entirely different process to the summation of 


impulses with which: we are concerned at peut 
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The summation of impulses implies that a single impulse may fail- 
‘to be conducted successfully, whereas two or more will succeed; and it is: 
therefore concerned with the conduction of the impulses and not with 
their initiation. It may be brought about in peripheral nerve in the 
following Way. If a muscle-nerve preparation is arranged so that a’ 
` narcotic ĉan ‘be applied over a length of nerve between the point of 
stimulation and, the muscle, it is possible to adjust the degree of narcosis 
so that a single impulse just fails to pass through thé affected area. 
Thus a single stimulus, however strong, will not lead to any contraction 
in the muscle. But.if two stimuli are sent in so that the second occurs 
‘about 0°03 second after the first, the gecond impulse will be set up ` 
duririg the phase of increased activity and its intensity will be greater 


- than the normal. It will be able to withstand a, greater decrement’ 


than the first impulse and therefore it will pass through the narcotized 
region and lead to & contraction, Further stimuli occurring .at the 
right intervals: may set up a train of impulses of which each occurs in 
‘the phase of, “heightened activity left by its predecessor, and in this 
way each succeeding impulse may be able to pass the region in which 
the first was extinguished [9].. It would be possible to extend this 
explanation to cover cages in which the contraction does not occur until 
several impulses have been set up and have failed to reach the muscle. 
Each impulse might travel a little farther through the region of 


decrement than its predecessor and each would facilitate the conduction’. ' 


of the impulse following it, so that in the‘end an impulse would succeed 
in passing through without extinction. However, in this case we are 

‘treading on uncertain ground as the conditions have not yet been 
reproduced in ‘isolated nerve. 

' „A form of inhibition may be pivaheed éxperimentally by much the 
same. mechanism. Suppose. that: the degree of decrement i is not quite ` 
enough to extinguish a single impulse, and that impulses are sent in at 
intervals of more than 0'015 second. Each of these impulses will be 
of normal‘or supernormal intensity and therefore all of them will reach 
the muscle and a sustained tetanus will be produced.- If the frequency 
of the impulses is increased to 0° 007 second, either by stimulating more 
‘rapidly at the same point or by stimulating at another point as well, 

. the impulses will follow one another so rapidly that each will occur 
during the period . of depressed. activity following the passage of its 
predecessor. Thus each impulse. will have an intensity less: than 
normal and will be unable to pass through the region of dectement ; 

-the muscle will relax because no impulses can reach it, and its con- 
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traction will remain inhibited until the frequency of stimulation is 
reduced again to its original value. This type of inhibition was first 
described by Wedensky [48], though its mechanism was not clearly 
understood until Lucas [80] had analysed it more thoroughly. 

It is possible to produce the same kind of inhibition by increasing 
the strength of the stimuli without altering their frequency. ` In this 
‘case Wwe must start with stimuli occurring at an interval as small as 
0'007 second and of a strength only just greater than the threshold. 
The first stimulus will set up an impulse, but the second will occur 
during the period of depressed excitability and it will not be strong 
enough to set up a second impulse. The nerve will have recovered 
completely by the time the third stimulus reaches it, and this will set 
up an impulsé of normal intensity. The fourth stimulus will fail as 
the second failed, but the fifth will succeed again and soon. Thus the 
number of impulses set up will be only half the number of stimuli in a 
given time, and the interval between succeeding impulses will be great. 
enough to allow complete recovery to take place between each. How- 
ever, a strong stimulus is able to set up an impulse during the period 
of depressed excitability, and so if the strength of the stimuli is 
increased every one of them will be able to set up an impulse instead 
of every other one. For this reason an increase in the strength of the 
stimuli will double the frequency with which impulses are sent down 
the nerve, and, as before, the intensity of each impulse will be 
reduced and the muscle will cease to contract. In this case increasing 
-the strength of the stimuli is simply equivalent to increasing the 
frequency of effective stimulation and the iea of inhibition is 
unchanged [81], [2]. - 

The foregoing account of peripheral inhibition and ‘summation is 
somewhat at variance with that given by Verworn and Fröhlich, but 
their theory has already been discussed at some length by Lucas [85] 
and shown to be in conflict with the experimental evidence. In the 
particular case ‘of the frog’s sciatic there can be little doubt that the 
foregoing explanation is correct, and it is also correct for the nerve to 
the crayfish’s claw. It has not yet been fully demonstrated in a 
mammalian preparation because the experimental: difficulties are 
greater, but there is ample evidence to show that the course of recovery 
proceeds along the same lines and there is no reason to suppose that 
any new factors come into play. 

The whole mechanism of peripheral summation and inhibition may 
be summed up in a very few words. If there is an obstacle to con- 
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duction in the course of the nerve-fibre this obstacle may be surmounted 
by timing & series of impulses, so that all but the first are greater than 
the normal, and it may become insuperable if the impulses are timed: so 
that all but the first are smaller than the normal. In the former case 
each impulse must be set up during the phase of heightened activity 
left by its predecessor and in the latter case each impulse must be set 
up during the phase of depressed activity. 
Before these results can be considered as anything more than a `” 
purely artificial effect we have to consider how far the experimental 
“region of decrement” produced by narcotics is at all comparable with 
any of the regions of imperfect conduction occurring naturally in the 
course of the intact mervous system. ` 
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CHAPTER IV. —NERVE-ENDINGS AND SYNAPSES “AS “PRGIONG OF 
i DECREMENT. 


Tt'is clear that conduction across the nerve-ending in a muscle-nerve 
‘preparation and across the synapse in the central nervous system differs 
in several respects from conduction in a simple nerve-fibre.. It is much 
more easy to investigate the nerve-ending and therefore we will begin, 
with this, Now in the first place it is evident that the nerve-erding, 
taken i in its widest sense as implying the whole of the junctional area 
between typical nerve-fibre and typical muscle-fibre, is not simnply & 
‘region of decrement and nothing more. It is a region where con- 
duction proceeds in one direction only, where the local excitatory. 
- mechanism reacts to much briefer currents than usual, and where 
certain drugs have a. peculiar effect: None of these features can, be 
reproduced by establishing & region of decrement in a nerve-trunk. 
But there is fairly good evidence that the nerve-ending .is often a region 
of decrement as well. When the “preparation is, perfectly fresh the 
_ nerve-ending may be able to transmit an impulse set up in the early 
stages of recovery and therefore of very. small intensity, but a relatively . 
slight chahge. in the perfusing fluid, such as an addition of H' ions or 
-absence. of oxygen, will’ first of all increase the interval which must 
separate the two impulses, if the second is to reach the muscle; and 
will lead eventually to the failure of the first impulse also. A certain 
amount of confusion is introduced by the fact that we do not know*how. 
the rate of recovery of the nerve-ending is modified by these changes. 
Indeed the. observation, that in certáin conditions the nerve-ending will 
no longer transmit a second impulse occurring very soon after the first 
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does not show that there is any decrement in conduction. It might be 
due entirely to a slowing of the rate of recovery of the nerve-ending, 
the impulse being extinguished not because it is of small intensity but 
because it reaches the nerve-ending at a time when this is still in the 
absolute refractory state. However, the ultimate result of these 
changes is to make the nerve-ending unable to conduct even an impulse 
of normal intensity, and at this stage there can be no doubt that 
conduction with a decrement comes into play. The condition igs best 
realized by fatiguing the preparation by repeated stimulation [7]. 
By this method it is easy to reach a stage in which a single impulse is 
unable to reach the muscle at all, whereas a series of impulses separated 
by about 0°03 second will produce a tetanic contraction. As we have 
seen, an impulse occurring 0°03 second after its predecessor will have 
an intensity greater than the normal because it occurs in the phase of 
increased activity. Thus the nerve-ending may be brought into a state 
in which it will refuse to conduct an impulse of normal intensity but 
` will conduct one of intensity greater than normal; in other words, it 


will conduct with a decrement which is just great enough to extinguish 


an impulse of normal intensity. 

In certain preparations, e.g., the crayfish’s claw, this condition may 
develop spontaneously and remain unchanged for long periods [33] ; in 
the frog’s sciatic-gastrocnemius preparation it is only produced after 
repeated stimulation and it passes.off very quickly, but it seems more 
than likely that it is always present in a certain percentage of the 
nerve-endings, even in a perfectly fresh preparation. Thus it is found 

that the electric response of the muscle in answer to the second of two 
`- stimuli in the nerve is considerably larger than the first response when 
the interval.between the ‘stimuli is about 0°08 second [89], [8]. The 
effect does not o¢cur when the stimuli are applied directly to the muscle 
fibres and it is presumably due to the fact that a greater number of 
muscle fibres are thrown into action by the second stimulus because the 
impulses. which it sets up are large enough to pass nerve-endings which 
will not transmit an impulse of the normal intensity. This effect is 
found in the sartorius as well as in the gastrocnemius, and it appears to 
be present even when the preparation, judged by other standards, is in 
a perfectly normal state. We have, therefore, a type of summation 
occurring at the nerve-ending anid depending on exactly the same 
mechanism as the summation which occurs at a region of decrement 
artifically established in the course of a nerve-fibre. Indeed it seems 
probable that in life some of the fibres of each muscle can only be called 
into play by a summation of impulses at the nerve-ending [19]. 
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Inhibition can be produced at the nerve-ending instead of summation 
` by timing a series of impulses so that each is of smaller intensity than 
the normal [30]. In this case the preparation must be moderately 
fatigued, so that the decrement at the nerve-ending is not quite large 
enough to extinguish a normal impulse. It is then found that æ series 
of impulses occurring at shorter intervals than 0°01 second will 
produce an initial twitch, corresponding to the first impulse, followed 
by complete relaxation, whereas a series with a frequency of 0°02 or 0°03 
second will give a sustained tetanus. Here also the nerve-ending 
behaves exactly like a region of decrement produced experimentally in 
the course of a nerve. 

We are treading on much less certain ground when we compare 
the synapse in the central nervous system with the nerve-ending 
and with an experimental region of decrement. The evidence is very 
scanty, but it is at least agreed that the chief differences between 
conduction in the central nervous system and conduction in a peripheral 
nerve:are due to the peculiar properties of the synapse, or junctional 
region between one neurone and another. It is argued that the actual 
‘ cell body and nucleus are probably concerned only with the nutrition 
of the fibres, since the conduction of the posterior root fibres is 
unaffected by the presence of the ganglion cells on them, and in 
certain invertebrates Bethe [14] has been able to destroy the whole 
of the nerve-cells completely without interfering with the reactions of - 
the central nervous system. ‘The fibres themselves probably conduct in 
much the same way inside the central nervous system as outside it, 
and so by a process of exclusion we can locate the characteristic 
reactions of the central nervous system at the synapse. 

These conclusions need a good deal of qualification. It is often 
assumed that there must be some definite synaptic membrane separat- 
ing one neurone from another, and to question this would be to stir 
up the smouldering ashes of the neurone controversy. But we have 
certainly no evidence that the properties ascribed to the synapse are 
confined to the exact point where one neurone leaves off and another 
begins, although the analogy with the nerve-ending lends a certain 
amount of support to this view. As a matter of fact, there is a large 
junctional area where the nerve-fibres are modified by splitting up 
into dendrites, network formation, &c., and the reactions attributed 
to the synapse may be due to the whole or to any part of this area. 
Indeed, the reactions of the synapse might be produced by any part 
of the neurone other than the axons which are histologically identical 
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with peripheral nerve-fibres. . However, it is dleat enough that there 
are junctional: regions- in the central nervous system- which behave 
very much like the nerve- -ending, and whatever these regions may be 
histologically it is convenient to: ‘speak of them as synapses. They 
are susceptible to fatigue, to drags arid ‘to lack of oxygen, they allow 
conduction in-one direction only, they are often impassable to single 
impulses, and they admit of the summation and inhibition of a series 
of impulses. Whether this summation and inhibition is of the same 
nature as that produced at a nerve-ending or a region of decrement in 
simple nerve-fibre is'a,point which must be reserved for discussion 
antil the next section, but although we have no rigid proof that the 
synapses are regions of decrement exactly comparable to those produced 
artificially, yet they are certainly regions of imperfect conduction, i.e., 

regions which only admit of the „passage of an impulse under certain 
favourable conditions. Indeed, ‘the whole working of the central 
nervous system depends upon this power of refusing certain impulses 
and allowing others to pass, and as the.only form of imperfect conduc- 
tion with which we are acquainted is: that which occurs in a region 
‘of decrement, it is at least worth while. to assume that the synapses are 
regions of decrement, and to see how this assumption tallies ‘with the 
actual observations of conduction in the reflex arc. 

There is at least one property in synaptic conduction which is 
absent in normal conditions both in peripheral nerve and in the nerve- 
ending as well.: This is the property which enables a single impulse 
in the afferent nerve to set up a series of impulses in the efferent, so 
that the response may outlast the stimulus ‘by several seconds. 
= Veszi [47] has photographed the electric responses in the. motor nerve 
of a frog under the influence of strychnine, and in this case a single 
stimulus applied to the posterior roots may set up'ten or more impulses 
in the efferent nerve. This multiple response is an important factor 
in central conduction, but it. does not necessarily imply any properties 
which are peculiar to the synapse, for a change in the ions of the 
- perfusing fluid may easily bring a muscle or terve into a condition in 
which a ainglé stimulus will set up a large number of impulses. It is 
tempting to suppose that the effect depends on the increase of excita- 
' bility which occurs in the third stage of recovery. If ‘the initial 
excitability is very great’ this increase might be great enough to start 

a second impulse without any external stimulus. For instance, in the 
heart muscle the excitability rises. to infinity after each refractory 
period is over and the tissue responds automatically ; between this case 
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' and that of the motor nerve'the difference appears to be one of degree 
only. . However, it must be admitted that the rhythmic contractions 
of the frog’s sartorius in a solution-of NaCl may occur at intervals: 
` which are certainly too’ long to fit in with this hypothesis unless we 
assume that the time relations‘of the recovery process are considerably 
longer than usual [86). Judging from’ Veszi’s records the multiple 
responses ina reflex occur at intervals which would agree more or less 
with the periods of increased activity following each response. How- 
ever, the precise mechanism of the effect is still very doubtful. 
Whatever this may be, the effect certainly exists and must be reckoned 
with in analysing , the reactions of the reflex arc. 
There is yet another _point-in which the reaction of the synapse 

.' differs from that of the nerve-trunk and that is in its great suscepti- 
bility to fatigue. The immense importance of fatigue in the economy 
of the central nervous system has béen pointed out by Sherrington. 
As a rule a reflex path ceases to conduct at all after ‘a short period ‘of. 
activity, whereas a peripheral nerve in the normal state will conduct 
without the least decrement: after several hours’ stimulation. The 
nerve-ending in, muscle occupies an intermediate position, for the 
passage of a rapid succession of impulses through it increases the 
decrement in conduction and eventually leads to “a complete block. 
_ The same fatigue effect is often met with in a nerve-fibre which has 

been narcotized: so that'it conducts with a decrement. By adjusting 
', the strength of the narcotizing solution it is sometimes possible, to. 
arrive at a steady state short of complete failure of conduction, and ‘in 
this state the decrement increases after the passage of & succession of 
- impulses and, returns slowly to its, former value after stimulation’ has 
ceased. This fatigue is Clearly of quite a different order to the 
momentary depression of function which constitutes the refractory 
state, and it is by no means certain that the refractory period is altered 
in any way when fatigue sets in. It is possible that, the sole effect of 
` fatigue is to increase any existing difficulty of conduction, though there 
may be & general depression of function as well.’ In any case when 
conduction occurs with a decrement, either in peripheral nerve or in 
the nerve-ending, the passage of a rapid succession of impulses does ` 
. cause a temporary increase in the decrement, and presumably the same 
process may occur in | the junctional regions of the central nervous 
system. 
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- CHAPTER V.—CONDUOTION IN THE REFLEX ARO. 

Taking all these differences into account we may construct the 
following model of the central nervous system. We may suppose it to 
consist of a number of neurones communicating with‘ one another by 
junctional areas or synapses. The synaptic areas are regions of 
imperfect conduction; the impulse suffers a decrement as it passes 
through them, and this decrement is by no means constant, but varies, 
inter alia, with the amount of previous activity to, which the neurone 
has been subjécted. ` The duration of the tefractory period and the 
extent of the change which occurs in the period of enhanced activity 
may vary in the same way and may have different values in different 
synapses or different parts of the same synapse. At some point in the 
synaptic region the passage of a single impulse may initiate a succession 
of impulses, and at some point conduction is possible in one direction 
only. The-impulses which pass through the central nervous system 
are of the same nature as those set up in a simple nerve-fibre by an 
electric stimulus and they behave in the same way in regard to changes 
in‘intensity, passage through regions of imperfect conduction, &c. 

This suggested scheme for the mechanism of the central nervous 
system has the advantage that it does not postulate any properties in 
central conduction which are not met with in a rudimentary state in 
conduction through simple tissues such'as nerve or muscle fibre, and for 
this reason it- should: be possible to test it experimentally. It is true 
that there is very little direct experimental evidence at present, but we 
can see in a general way. how the theory fits in with the observed facts 
of central conduction and where the chief difficulties are likely to arise. 

In the first place we have to consider how the reaction of the 
‘central: nervous system can be adjusted to different strengths of external 
stimulus if it, is true that the size of the impulse follows the all-or-none 
principle in each nerve-fibre. Naturally a certain amount of grading is 
possible whenever there are a number of sensory end-organs of graded 
excitability, for in this case a stronger stimulus will set up impulses in 
a greater number of nerve-fibres. In the sensory organs of the skin it 
seems quite probable that the response of a single end-organ is of 
invariable intensity, for. there is very little’ variation, if any, in the 
intensity of the sensation evoked by.stimulating a single heat, cold, or 
touch spot.. However; in the eye and the ear it is difficult to imagine 
that there are enough fibres to account for all the different intensities 
of sensation which can be perceived. The difficulty is not very serious, 
for the all-or-none principle is concerned with the relation between a 
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. Single stimulus and a single impulse. If the stimulus sets up a train of 
impulses it is quite possible that their frequency, and therefore their. 
intensity, might vary with the strength of stimulation. We -have no’ 
direct proof that in the end organs of the eye and ear, a momentary 
stimulus does give rise to a series of impulses, but there is evidence that 
a strong electric stimulus applied to a peripheral nerve-trunk may some- 
times, give rise to several impulses instead of one .only, so, that the | 
suggestion has some experimental support. In any case it is clear that ‘ 
the effect on ‘the, central nervous system of æ series of impulses will . 
depend on the frequency with which the impulses recur, and as this 
frequency is variable there is no reason to assume that the excitation of 
a single end-organ must RIwAys have the same result, however the organ 
is stimulated. 

From another point of view the all-or-none principle apie 
matters considerably. Whatever our conception of the central nervous ` 
system may be, there can be little doubt that the amount of energy 
leaving it, by the efferent nerves may be. considerably greater than the © 
amount entering it as the result of an external stimulus. A light touch 
which cannot set up impulses in more than & few sensory nerve fibres 

` may lead to the forcible contraction of a number of muscles, and in this 
case the number of motor nerve-fibres-in action must be very muéh 

- greater than the number of sensory fibres. It is scarcely conceivable 
that the loss of energy involved in the passage of impulses down the 
motor nerves should not be very much greater than the gain which 
results from the passage of a few impulses into the central nervous ` 
system. Evidently there must-be some form of relay in the reflex arc 
to account for this multiplication of impulses. It would be possible to 
account for this by supposing that each neurone, or each nerve, cell, af 
may act as a relay, sending out impulses of full intensity whateyer the 
intensity of the impulses reaching it from the afferent side. However, 
the all-or-none principle shows that this assumption is unnecessary, for 

_ any part of a simple`nerve fibre may act in this way. We have seen | 
that an impulse may be reduced almost to vanishing point by passage 
through a region of decrement, but that as soon as it re-enters the 
normal fibre again it regains its full intensity. This-recovery could 
only take place if thé energy involved in the passage of the impulge ig 
supplied locally from each point in the fibre through which the impulse 
passes, just as the explosion wave in a train of gunpowder is maintained 
by the, energy in each part of the gunpowder as the wave reaches it and 
sets it alight.’ Consequently there is no reason to suppose that there 
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are definite relay stations in the central nervous system. Wherever 
an impulse passes down normal nerve-fibre its intensity will bè the 
same whatever its former history may have been, and if an afferent 
fibre branches there is no reason to suppose that the impulses in each 
branch will be any smaller than the impulses in the original fibre in 
spite of the increased discharge of energy which will be necessary to 
maintain several impulses instead of one only. In the same way there 
‘ig no reason to suppose that the impulse will become progressively 
smaller and smaller as it passes through successive junctional areas. 
It may be reduced in intensity in each area, but if it succeeds in passing 
through it will regain the normal intensity as soon as it leaves the 
region of decremént. ‘Thus the relay effect of the central nervous 
system is siraply due to the fact that it is a region where the afferent 
fibres branch repeatedly. Wherever this occurs there is the possibility 
of turning one impulse into two, and the increased energy required is 
supplied locally by the fibres themselves, just as it is supplied in peri- 
pheral nerve when an impulse regains its full intensity after reduction 
in a region of ‘decrement. i 

If the central nervous system contains regions of decrement there 
should be no difficulty in accounting for at least one form of inhibition 
and summation. The presence of a region of decrement in peripheral 
nerve is the only condition necessary for the production of peripheral 
inhibition and summation and these effects depend simply on the normal 
course of recovery, according to which an impulse set up in the earlier 
stages of recovery has an intensity less than normal and an impulse set 
up in the later stages has an intensity greater than normal. If we 
consider the complications which are introduced in the central nervous 
system where the impulses have to pass through several relays of 
conductors and junctional regions with different rates of recovery, &c., 
it will be clear that the most varied possibilities are opened up without 
introducing any assumptions ‘which have not been proved in the case of 
peripheral conduction. 

The hypothesis is supported by various observations which show 
that the nature of the response in the reflex arc depends on the strength, 
and frequency of the stimuli and also on the degree of decrement, just 
as it does in simple tissue. In the nerve-muscle preparation the 
inhibitory effect is produced by the extinction of impulses which follow 
so closely that they are all of subnormal intensity; thus the failure to 

. Teach the muscle will depend on the frequency of the impulses, the rate 
of recovery of the tissue and the degree of decrement which each 
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impulse must sustain on its journey fo the muscle. An increase in the 
strength of the stimuli may also lead to inhibition because it will 
increase the frequency of the impulses set up. Now in the case of reflex 
inhibition there are several instances in which an increase in the 
strength or frequency of stimulation converts an excitatory stimulus 
into an inhibitory. Sherrington and Sowton [41] found that stimulation 
‘of the popliteal by weak currents caused a contraction in the extensors, 
whereas strong currents gave inhibition. Tiedermann [45] investigated 
the effects of varying frequency of stimulation in the frog under the 
influence of strychnine. In this case an increase ın the rate of stimula- 
tion changes the end-effect from excitation to mnhibition, and there is 
a further likeness to peripheral inhibition in that à series of rapidly 
repeated stimuli sometimes produces an initial twitch followed by 
inhibition, just as ıt does in a fatigued muscle-nerve preparation. Again. 
Tiedermann and Veszi [45], [46] have shown that inhibition may be 
produced by simultaneous stimulation of two roots in the cord when 
the stimulation of e:ther root alone will give a contraction. Here also 
the .effect would seem to depend on the increased frequency of the 
impulses which reach the final common path when both roots are 
stimulated at once. A reversal of the reflex effect is also produced by 
the action of certain drugs. Bayliss [11] has shown that stimulation 
which normally leads to a vaso-constrictor reflex gives vaso-dilatation 
instead after chloroform has’ been administered. Sherrington and 
Sowton [42] found the same reversal in a limb reflex. The most 
important action of chloroform in a nerve-trunk is to produce a 
decrement in conduction and therefore it is only to be expected that 
in the central nervous system it should increase the already existing 
. decrements and so lead to the extinction of impulses which were 
formally just large enough to reach the motor neurone. 

If we grant that the synaptic region’ may have different rates of 
recovery there is no difficulty in explaining the fact that stimulation 
of an afferent nerve may lead to contraction of one muscle and inhibition 
of its antagonist. We must suppose that the frequency of the impulses 
„reaching the final common path of the inhibited muscle is so great that 
` all the impulses are of subnormal intensity and are therefore extinguished 
` before they reach the muscle. The frequency of the impulses reaching 
the muscle which contracts must be slower, so that the impulses shall 
be large enough to pass. These conditions will be realized if at some 
point on the path leading to the muscle which contracts there is a. 
region which recovers so slowly that every other impulse from the 
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afferent nerve arrives during the absolute refractory period and is 
extinguished completely. - The effect of this will be to halve the 
number of impulses passing towards the muscle, so that each will be 
large enough to avoid extinction ; in the other path, where the impulses 
do not pass through a region of slow recovery, the frequency will be 
great enough to cause inhibition. 

Most of the phenomena of reciprocal innervation may be accounted 
for by a mechanism of this type. However, difficulties begin to arise 
when we come to consider the balanced effects of inhibitory and excitatory 
stimuli. ‘Sherrington [40] has shown in the case of voluntary muscle, 


‘and Bayliss [12] in the vaso-motor reflexes, that if an excitatory and an 


inhibitory nerve are excited at the same time’ the effect produced is a 
simple algebraic summation of the two single effects and depends 
entirely on the relative strengths of the two stimuli. Now, the 
frequency of the impulses in the central paths should be, if anything, 
greater when both nerves are stimulated than when the inhibitory 
nerve is acting by itself, and therefore the impulses should be still 
further reduced in intensity. Indeed, the stimulation of several 
afferent nerves in connection with the final common path should always 
result in inhibition, whatever their effects might be when acting alone. 
Veszi and Tiedermann have shown that this does occur in the spinal 
frog under the influence of strychnine, but Sherrington’s records prove 
that the result is by no means constant. A strong stimulation of an 
excitatory nerve may break through a simultaneous inhibition and cause 


`. a contraction, and in certain cases rhythmic contractions are set up by 


stimulating an excitatory ‘and an inhibitory nerve at the same time. 
To explain these effects we should have to introduce various subsidiary 
hypotheses as to the excitability of different nerve-fibres, the changes 
introduced by fatigue, &c., and though the suggested scheme is suffi- 
ciently elastic to admit of elaboration along these lines, it would be a 
mistake to insist on this until the evidence is much more complete. 
For the present we must be content to point out that the difficulty 
exists. 

One of the most important features of the scheme suggested to. 
account for reflex conduction is that the neurones are supposed to 
behave like peripheral nerve-fibres in regard to the impulses passing 
through them. We have assumed that the activity of the neurone 
cannot be continuous, but that-each impulse must be followed by a 
short period of inactivity which passes off gradually in the various 
stages of recovery. As Forbes and Gregg have shown, when the 
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motor nerve is excited reflexly the impulses which pass down it are 
indistinguishable from those set up by direct stimulation, and we have 
no direct proof that any other form of activity is possible either in the 
nerve-fibre or in the neurones of the central nervous system. However, 
the reflexes which have been investigated from this point of view have 
all been of the type resulting in rapid contractions of the muscle and 
we know very little of the tonic postural reflexes. Buytendick [16] 
has shown that the electric response of a muscle in decerebrate rigidity 
has the usual oscillating character, but, a8 we have seen, there is a 
certain amount of evidence in support of the view that the tone of a 
muscle is controlled by a mechanism entirely different from that which 
regulates its rapid phasic contractions. The evidence is too complicated 
‘and, as yet, too inconclusive to be discussed in detail, but it shows that 
we must face the possibility that there may be some way of producing 
a continuous activity in certain neurones and certain parts of the 
muscle, an activity quite unlike the intermittent discharges which form 
the usual type of nervous impulse. If this is so, the production and 
inhibition of tone cannot be explained by the mechanism we have 
suggested, but all inhibition is not necessarily of the sams nature and 
there is no reason to suppose that the inhibition which cuts short an 
active contraction is not identical with that produced experimentally in 
a region of decrement or nerye-ending. In this case the contraction 
is certainly maintained by a series of impulses in the motor nerve and 
its inhibition is due to the extinction of these impulses. Indeed, it Ís 
rather difficult to imagine that the tonic contraction in voluntary 
muscle is not produced and inhibited by the same mechanism, for when. 
a contracting muscle is inhibited it relaxes completely and it seems an 
unnecessary complication to suppose that the relaxation is produced by 
two distinct mechanisms, one cutting short the phasic contraction and 
the other the residue ‘of tone. 

- It would be idle to continue these, speculations, for they have 
already gone far beyond the existing experimental basis. The suggested 
mechanism of central conduction may well prove to be completely 
absent or present only in a small degree in the central nervous system. 
However, the hypothesis has the advantage that it does not -demand 
any properties in central conduction which cannot be shown to exist in 

-some degree in simple conducting tissues, and as all these properties 
can be analysed without much difficulty in simple tissues it should be a 
-~ fairly straightforward task to determine how far they will account for 
central conduction. The hypothesis may have been set up only to be 


\ 
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knocked down in the near future, but it is at least’ tangible enough to 
knock down. and the process cannot fail to reveal eomoraiig of the 
f mechanism of the central nervous system. 
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STIMULATION OF THE MOTOR CORTEX IN A MONKEY 
' SUBJECT TO EPILEPTIFORM SEIZURES. > : 


BY 0. 8. BHERRINGTON, M.D., F.R.S. 
i 

In the higher mammals epileptiform convulsions can, as Magnan 
showed, be evoked by injection of absinthe; that strong faradization of 
the motor cortex may in the dog and monkey evọke an access of spasm 
of epileptoid character is a well-known laboratory experience. Stimula- 
tion of the cortex in an animal suffering from idiopathic epilepsy is, 
however, a laboratory experience of rarer „occurrence; I have not 
succeeded in finding an instance of it;recorded. The following observa- 
tion may therefore appear worth mention here. l 


- A “Jew” monkey (Macacus fuliginosus) received into the laboratory , 


this spring was found to be subject to epileptoid attacks. These attacks- 
had a characteristic form. The opening movement visible was rétraction 
of the left angle of the mouth, whence contraction spread to allthe 
facial muscles of that side and to the eyes. Then’ followed spasm of 
the neck, and of the left arm, and then of the left leg. The animal 
fell over to the left side. Finally, the right side became involved, 
though not so violently as the left. The attack lasted usually about 
two minutes, the animal lying seemingly unconscious, though with | 
blinking eyes. The tongue was not bitten, nor was urine or fmces 
passed. When the convulsions had subsided the animal lay panting 
and would gaze about helplessly as thdugh wondering what had 
happened. For a short period after each attack the limbs appeared 
' to be paretic, 

One cannot téll how often the animal was taken by these, seizurés 
six seizures were, however, observed in the course of one week. In 
every observed instance the attack seemed to be induced by the taking 
into the mouth of a large morsel of food; indeed, it was found that 
the attack could be in some measure expected after giving the animal 
a too bulky slice of apple. The animal appeared in quite good health 
except for the epilepsy; it was an adult male. 

After the animal had been under observation for some edhe the 
motor cortex of both hemispheres was exposed’ under full chloroform 
narcosis. The- cranial vault was found to. be abnormally thick; 
where trephined in the upper. parietal region the bone thickness 
measured 6 mm., which is: about twice the usual measurement. The 
exposed cortex was tested by faradism with the unipolar method. 
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Abnormality of reaction was discovered nowhere except in the “tongue” 
‘area of the right hemisphere clearly, and less clearly in the “tongue” 
area of the left hemisphere. The threshold value of stimulus of the 
“tongue” area did not seem unusually low, or lower than that of such 
areas as “thumb or index finger,” but each stimulation of the area 
unless extremely brief, e.g., less than 1 sec. and sometimes even then, 
provoked a tongue movement which almost immediately became clonic 
and epileptoid, meaning by the latter that it continued as æ series of 
discharges after the faradic stimulus of the cortex had been withdrawn, 
and although it usually did not spread, it required a considerable period, 
e.g., @ minute, for its subsidence. If the stimulus were continued for 
a few seconds the epileptoid movement did spread from the tongue to 
the muscles of the left angle of the mouth; occasionally it would involve 
all the facial muscles of the left side. By no persistence of the 
faradization could, however, the epileptoid' movement be made to extend 
beyond the face. It never, unlike the natural seizures observed in the 
animal, spread to the neck or limbs even of the same side, let alone 
of the opposite. 

The cortical area for retraction of angle of mouth itself did not seem 
to give abnormal responses; the area where opening of the jaw could 
be obtained seemed somewhat more extensive than usual, but otherwise 
normal, In the left hemisphere the tongue area yielded “ epilepsy ” 
discharges easily, though not so readily as did the tongue area of the 
right cortex, nor did the epileptiform discharge spread. Elsewhere 
throughout the motor region the reactions appeared entirely normal. 

No gross indications of an anatomical kind were visible suggestive 
of abnormality in the cortex of either hemisphere. 

In evaluating the experimental results it is to be remembered that 
limited ‘epileptiform discharge is in the monkey's cortex usually obtain- 
able by prolonged or quickly repeated faradic stimulations of almost 
any point in the motor cortex. The result observed with the tongue 
area of this animal was therefore a quantitative rather than a 
qualitative one. On the other hand, the exceptional readiness with 
which tongue “epilepsy” could be evoked-is remarkable because, at 

"least in my experience, the tongue area, is not one from which epilepsy 
is usually easily provocable. Comparing the experimental result with 
-the seizures observed in the animal clinically, it had not been noted for 
the latter that they began in the tongue. They may have done so and 
that point have escaped observation owing to the tongue lying hidden 
in the mouth. 
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INTRACRANIAL ANEURYSMS, 


BY HUBERT M. TURNBULL, D.M. 
Director of the Pathological Institute of the London Hospital. 


_ My colleague, Dr. Fearnsides [1] in an article upon “ Intracranial 
Aneurysms,” published recently in this Journal, has honoured me by 
references to my paper [2] on “ Alterations in Arterial Structure, and 
their Relation to Syphilis. ” Dr. Fearnsides, on pages 236 to 288, has 
attempted, by analysis of the statistics scattered throughout my paper, 
to show the relative frequency with which aneurysms within the 
‘cranium and within the body-had been found in the Pathological Insti- 
tute of the London Hospital. The result has demonstrated to me many 
‘defects in my writing. In the hope of removing these defects, as far 
as possible, I have obtained permission from ‘Dr. Fearnsides to revise the 
analysis. 

A comparative analysis of all the ice tabulated in my paper 
was rendered impossible by my having in places analysed the records 
for 1908 to 1913, inclusivé, and in places the records for 1907 to 
1913, and by my having omitted the total number of examinations 
in the years 1908 to 1913. In order to draw up a comparative table 
it is necessary either to add to some of my statistics missing numbers 
for 1907, for instance twenty-six cases of syphilitic aortitis; or to 
deduct from others the numbers belonging to 1907. The latter form of 
correction’ gives the most accurate figures, because during the year 1907 
our methods of controlling examinations and records were in process of 
evolution. When this correction is chosen, it is obvious that the total 
number, of examinations during the years 1998 to 1913 must be supplied. 
Both Dr. Fearnsides and I have adopted as a definition of true aneurysm 
all dilatations of the whole arterial wall. I shall, therefore, first draw up. 
a table, on similar lines to. that of Dr. Fearnsides, so as to include all 
aneurysms which fell within this definition. I’ shall then, however, 
discuss the disadvantages attendant upon a comparative table in which 
this definition is employed, and the criticisms which I have received in , 
respect of this definition. Finally, I shall attempt to remove these 
disadvantages, and meet these SHUIERE, by a second table based upon 


a modified definition of ‘‘ aneurysm.” 
` < 
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-During the years 1908 to 1913, inclusive, in a total of 6,829 necropsies, 
there were 6,751 examinations of the body, and 4,547 examinations of 
the head; in 78 of these examinations of the head, examination of the 


body was not permitted. P 
j : TABLE I. 
` Trus Anew-yams of Aorta :—- : 
Dueto syphilitic inflammation .. ; ee eo, .. 175 cases 
, - tuberculous inflammation, 1 example i ian .. S P 1 case 
»  non-granulomatous inflammations, 4 examples in .. a2 4 cases 
, Medial degeneration (focal, 18 cases ; diffuse, 4 oases +) .. 22 -+- cases 
202 -+ cases 
Extensive Dissecting Aneurysms of Aorta :— 
Due to medial degeneration as = as oa ae 5 cases 
; developmental deficiency... s SA we a > va 
7 cases 


True Aneusyems of Other Large Elastic Arteries :— 
Due ło syphilitic inflammation, 42 examples (all in cases included in 


above 175 cases of syphilitic aortitis) in TA oe 29 cases 
1» medial degeneration (diffuse aneurysm) .. ee iè + 
i : 
$ - ` ` 29 -+ cases 
True Aneusysms of Small Elastico Arteries :— > 


Due to tuberculous inflammation, 10 examples (all aneurysms in 
. pulmonary vomiow ; many such aneurysms had doubtless 
) escaped detestion) in . 3s = ot .. 10 cases 


True Aneucysms of Muscular Arteries (exoluding the Cerebral Arteries) :— 
Dus to syphilitic inflammation, 6 examples (all in oases inoluded in 





above 175 cases of syphilitic aortitis) in os Bs 5 cases 
= ‘infective embolism, 16 examples in i l4 
», Spread of non-granulomatous inflammation sfrom without, 3 
examples in .. 8 y 
» medial degeneration (focal, sacoular, 12 examples i in 17 cause’ 
focal associated with atheroma -+ ; diffuse +) . sa 7 ++ onses 
29 -+-+ cases 
Trus Aneurysms of Cerebral Arteries :— 
Due z0 infective embolism, 15 examples in 18 cases 
»» Medial degeneration following congenital developmental de- 
ficiency, 88 examples in .. 29 ,, 
i A bg (diffuse +-; focal associated with athe. 
roma -+) “ se ++ 


42 +-+ cases 


This -evised list gives, I believe, a true comparative analysis of our 
records. It is, however, of no service for exact comparison, because I 
am unsbb& to give under every specified cause either the exact number of 
examples of aneurysm or the exact number of cases in which aneurysms 
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occurred. To estimate the total number of aneurysms, as defined -by 
Dr. Fearnsides and by me, would, for instance, in most cases of syphilitic 
‘aortitis, have been an almost impossible task owing to their great number. 
Still greater difficulty would have attended an attempt to ascertain and 
record the exact number of cases exhibiting certain forms of aneurysmal 
dilatation of which I merely mentioned in my paper the frequent 
occurrence. , Thus, in regard to aneurysmal dilatation due to medial 
degeneration of the aorta, I recorded eighteen cases in which there were 
“small pitted or wrinkled areas,” and four cases of ‘‘ very marked, diffuse 
dilatation.”. In a preceding paragraph, however, I mentioned that diffuse 
dilatation of the aorta, especially of the thoracic aorta, was a very frequent 
sequence of medial degeneration and “ is easily recognized in almost every 
male over the age of 50.” I also stated that in the other large elastic 
arteries, “ slight diffuse dilatation frequently results from medial degenera- 
tion.” Again, in regard to aneurysthal dilatation of the muscular arteries 
due to medial degeneration, I recorded, in Table VII, seven cases 1n which 
there were saccular dilatations of muscular arteries other than the cere- 
bral. I had, however, previously mentioned (pp. 244-5) that diffuse 
dilatation due to medial degeneration “is frequently found in the 
muscular arteries,” including the cerebral arteries, and that “ shght focal 
dilatation may be present at the sites of atheromatous plaques,” this 
being “almost constant in atheroma of the cerebral arteries.” 
Even if I’ was in a position to make the above table complete by the 
substitution of exact numbers of cases for the sign +, the list would, as 
I have learned from correspondence, give a false impression to the 
majority of readers. This is the consequence of the definition of “‘ true 
aneurysm ” which has been adopted by Dr. Fearnsides and by me. I 
believe that our definition, which includes every dilatation of the whole ` 
wall, is both the only scientific and the only really practicable definition. 
This definition includes, however, a very large number of dilatations 
which the clinician, at any rate, would never regard as aneurysms. 
Indeed, one kindly critic wrote that he regretted my “old-fashioned ” 
definition, and would have had me apply the term aneurysm to saccular 
dilatations alone. In a general discussion on the causation of aneurysm 
it would obviously be impossible to accept no dilatation as an aneurysm 
unless 'it was saccular. The small crateriform pits and narrow sulci, for 
instance, which are almost constant in syphilitic sortitis, are all potential 
saccular aneurysris. Areas which show, post mortem, only such minute 
dilatations may be more widely dilated during life; thus, the aortic 
commissure may post mortem only show small sulci in an intima con- 
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spicuously thickened by inflammation, and the aortic valves may be 
competent to the water test, although clinical observation and the post- 
mortem appearances of the heart prove that relative incompetence of the 
valves had been present during life. There are diffuse dilatations which 
all investigators would call aneurysms, and which give clinical signs and 
symptoms similar to those caused by saccular aneurysms. Farther, I 
have found it impossible’ to estimate exactly what is to be regarded as 
a saccular dilatation. For exact definition of a saccular dilatation some 
arbitrary proportion between depth and. diameter would require to be 
determined and universally accepted. - 

I realize, however, the desirability of attempting to distinguish 
between what might be called “ practical” and “academic” aneurysms; 
I realized this when’ preparing my paper. Without such a distinction 
it would appear impossible to compare our figures with those of other 
observers. The aneurysms in the cerebral arteries tabulated as due to . 
congenital weakness and to infective émbolism, and certain aneurysms in 
the other muscular arteries due to medial degeneration, were unquestion- 
ably saccular and would be regarded by all as aneurysms. In the cases, 
however, of. syphilitic inflammation of the aorta, other large elastic 
arteries and muscular arteries, and in the cases of medial degeneration 
of the aorta, I was unable to determine a satisfactory distinction between 
the practical and academic dilatations. I attempted to make a distinc- 
tion by quoting the number of dilatations which'had given rise to clinical 


_ manifestations by rupture, by pressure, or, in the case of aortitis, by 


causing relative incompetence of the aortic valves. A distinction based 
on such clinical criteria is, however, obviously imperfect. In a fresh 
attempt to make the distinction, I have made the following modification 
in our definition. I have only accepted as aneurysms: (1) definitely 
saccular dilatations ; (2) saucer-like dilatations; and (8) sharply defined, 
focal, fusiform dilatations. ~ For, convenience I have referred to the 
shallow, saucer-like dilatations as “ pouches.” With this modified defini- 
tion I have compiled ‘Table II. This table includes, I think, all the 
dilatations which would have been accepted as aneurysms by all. In 
the case of syphilitic inflammation of the sorta and other large'elastic 
arteries, and especially in the case of medial degeneration of the aorta, 
dilatations are also included which would probably not be considered, 
by the majority, worthy of the term aneurysm. Inasmuch, however, ` 
as’ Dr. Fearnsides compiled his table in order to show the exceptionally 
large number of cerebral aneurysms in the records of the London Hos- 
pital Pathological Institute, it is well that, if the modified definition 
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should: err, it hog err by mslneing too many aneurysms of arena 


other than the. cerebral. 


I regret that I am unable even with..this modified definition to sive 
the exact number of aneurysms in syphilitic aortitis; in several ‘cases 
small examples have merely been recorded as “multiple.” 


1908-1918 —Aorta :— 
Due to syphilitic inflammation (in 28 cases shallow ' 


» tuberculous inflammation 


a 


»° non-granulomatous inflammation 


pouches only) 


TABLE I. 
Focal, Saccular, Saucer-shaped and Fusiform Aneuryams, 


ve 


„ _ medial degeneration (all very ‘small or shallow 


- Other Largs Elastic Arteries :— 


pouches) 


- 


. 


` 


Due to syphilitic inflammation (all cases are present 


also in the above 88 cases of SEE 
aneurysms of aorta) . ieee 


Smal Elastic “Arteries: — 


Due to tuberoulous inflammation (in vomicæ) 
Muscular Arleries (excluding Osrebral Arteries) : — 


Due to syphilitic inflammation (1 case is present also 
in the above 88 cases of syphilitic aneurysms 


of aorta) 


ıı infective embolism . 


» Spread of non- granulomatousi ibhfammation fom 
without $ ae ar 
ae es medial degeneration 


Corsbral Arteries : — 
Due to infective embolism . 
o medial degeneration following congenital ds: 


s 


velopmental deficiency 


x 


Hixamples, 114 4 in 88 qases. 
1 


” ”? 1 ” 
n 4 7? 4 ” 
a 4 n 4 ss 


‘Examples, 6 in 6 cases 
Examples, 10 in 10 cases 
Examples, 2, in 2 cases 
š 16 » 14 ,, 
” 8B nB 4, 
” 12 Ty, 
Examples, 88 in 26 cases 
Examples, 15 in 18 cases 
F 38 p23., 
Examples, 48 in 42'cages 


In regard ‘to aneurysms caused by syphilitic inflammation of the 
large elastic arteries other than the aorta, and of the muscular arteries, 
it must be emphasized that in all the cases recorded in this table and 
in Table I the syphilitic inflammation involved vessels close to the 


aorta, and the aorta was affected by similar inflammation. 


Thus, of 


the syphilitic aneurysms of the large-elastic.arteries recorded in both 
tables the aneurysm farthest from the inflamed aorta lay-in the upper 
two inches of the.right common carotid, the lower inch of this artery also 
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showing evidence of. inflammation to the naked eye; of the syphilitic 
aneurysms of the muscular arteries the aneurysm farthest from the 
inflamed aorta lay in the centre of the splenic artery. This aneurysm 


`. is one of the two recorded in Table II. It was associated with gummata 


in the peritoneal tissuetround the pancreas, in addition to aortitis. In 
this case the infection had probably arisen independently of the aortitis. 
In‘ all the remaining cases of syphilitic inflammation of the large elastic 
and muscular arteries in Table I and Table II the inflammation would 
appear to have been merely an extension from the aorta. 

If Table II is accepted for purposes’ of comparison, then aneurysms 
of the aorta occurred in 92 cases or in 1°36 per cent. of examinations 


-of the body. Aneurysms of large elastic arteries other than the aorta 


occurred in 6 cases; all these aneurysms were due to syphilitic infiamma- 
tion and were accompanied by aneurysms of the aorta. Aneurysms of 
muscular arteries, other than the cerebral arteries, occurred in 26 
cases, or 0°38 per cent. of examinations of the body; only 2 of these 
aneurysms were due to syphilitic inflammation; “both of these were 
accompanied by syphilitic aortitis, 1 by an aneurysm of the aorta. 
Aneurysms of cerebral arteries occurred in 42 cases, or in 0°92 per cent. 
of examinations of the head; in 13 cases the aneurysms were caused 
by infective embolism, and these 13 cases are recorded also in the 
list of cases of embolic an in other muscular arteries. 

If aneurysms in tubercu mice and in peptic erosions or ulcers 
are omitted, the following ta mpares the number of cases in which 
aneurysms were found in the arteries of the body with the number of 
cases in which aneurysms were found in the head, during the years 
1908 to 1913 :— 


Cases with aneurysms of arteries in the body -. 117, $e., 1°78 per cent, of examinations, 
EJ 33) EEJ ” cranium iig. 42, ” 0-92 ” 








” ) 


The cases which Dr. Fearnsides quotes, from the literature, of 
aneurysms of cerebral arteries caused by syphilitic inflammation, remind 


- me of another, serious, omission from my original paper. I should have 


stated explicitly that 1 had attempted to give an account of personal 
observations on alterations in arterial structure, that I had given refer- 
ences to papers to which I was indebted for information, but that I 
had not examined the literature in order to ascertain to what extent ` 
my observations and conclusions corresponded to those of others. My 
observations were not confined to the cases given in my tables. At 
the time the paper was written I had seen over 9,000 necropsies in two 
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general hospitals. It was perhaps presumptuous to decide what condi- 
tions were rare on this material alone, although, on the other hand, rare 
cases are more likely than common to be recorded in the literature. In 
this connection I may add that a subsequent 1,500 necropsies have not 
given me an aneurysm due to, syphilitic inflammation in a cerebral 
artery. Immediately after publication I regretted, for another reason, 
this omission of an explicit statement of the method in which my paper 
was written. I realized that in its absence I would appear to claim 
priority for conclusions which other workers had already published. I 
had, and have, no doubt that the great majority of my observations and 
conclusions, if correct, could be found in previous publications; there 
must be very many, besides those quoted by Dr. Fearnsides, whose work 
I had merely confirmed. ; i 
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CHAPTER I.—INTRODUCTION. 


We tend habitually. to speak of all varieties of general somatic 
sensibility in terms of touch, pain, heat and cold; for these categories 
seem to accord: best with what we gather from introspection. To these 
elementary sensations it is customary to add a hypothetical “ joint- 
sense” andi the whole complex is supposed to be transformed by 
association and judgment into the mental processes’ by which we 
become aware of the physical qualities in the world around. 

Moreover, according to the doctrine of specific nerve energy, as it is . 
usually held, each psychical act of sensation is associated on the physical 
side with certain distinct processes, which, starting in the peripheral 
end-organs, pass unaltered to the cortex of the brain. Here, according 
to the usual supposition, each specific form of nerve energy evokes 
those changes which underlie its peculiar aspect of sensation. 

Such a view of the physical meghanism and nature of sensory 
processes was not unreasonable in an’ age ignorant of the gradual 
evolution of the human nervous sytem. Man was thought to have 
been created perfect, armed: with apparatus to receive and conduct the’ 
special processes, which underlie each fundamental sensory experience 
revealed to.him by introspection. 

This conception of man as a created being has long’ passed away, 
- but the manner of regarding sensation, to which it gave rise, still 
dominates psychological teaching. Even the neurologist, who is in daily 
touch with the consequences of lesions to the nervous ‘system, tended, 
until recently, to speak of sensory impulses as if they were invariably 
grouped into those subserving touch, pain, heat and cold.- This arose 
in the main from two causes. His almost complete preoccupation with: 
structure rather than function compelled him to consider the central 
nervous system as something stable, developed it is true from that of 
lowlier organisms, but fixed and unalterable in its ‘activities. He did 
not recognize that all the processes of its functional evolution were still 
evident in its physiological activities. Even now, the conception that a 
stimulus may be adequate or entirely ineffective, according to the 
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conditions. whith have: preceded its application, , aa made little 
impression on practical neurology.: 

Preoccupation with the sensory effects pieduead by lesions of the 
spinal cord also inclined the clinician to accept the fundamental division 
of afferent impulses into those for touch, pain, heat and cold. For 
spinal injuries notoriously tend to disturb these four modes of sensation 
independently of one another. But, as soon as disorders of sensation 
_came to be studied more closely, it was obvious that something further 
was required to explain even so simple æ problem as the changes pro- 
duced by a lesion at this anatomical level of the nervous system. Four 
specific groups, corresponding to touch, pain, heat and cold, were obviously 
. insufficient to contain all the impulses originated at the periphery by 
the impact of a stimulus. For it is now universally acknowledged by 
those who have’had the opportunity of observing cases of injury to the 
spinal cord, that all these forms of sensibility may be preserved, and 
yet the patient be unable to recognize the spacial relationships of the 
` affected limb, or to appreciate movements carried out passively. Power 
` to recognize the posture of the affected limb, to discriminate the two 
compaas-points applied simultaneously and to appreciate the vibration 
of  tuning-fork may be disturbed, although every other form of sensory 
activity is perfect. 

As soon as it was clear that these aspects of Sao , depended on 
the integrity of the posterior columns, it was thought imperative that 
they should receive a name. Nothing could have been more unfortunate 
for the progress of knowledge than the names selected. Clinicians, 
seeking for a sign that would reveal the condition of the posterior 
columns, concentrated their attention on one or other of the groups of 
impulses passing upwards in this portion of the spinal cord, oblivious 
of the general principles underlying their goncuesion. Hence the 
terms, “‘joint-senée,” “deep sensibility,” ‘“‘vibratory sense,” and 
“ stereognosis,”” which give a most inadequate view of the part played 
in sensation by the posterior columns. : 

For the neurologist, who speaks of the “ joint-sense ” as dependent 
on these columns, forgets that pain is ẹ most important element of, the 
sensations arising from joints. '“ Deep sensibility” is-a sufficiently 
accurate name for those impulses which arise in subcutaneous structures, 
such as bones, joints and tendons; but it can never be disturbed as a 
single group, except by a lesion of the deep afferent fibres of the 
‘peripheral nerve. The changes, which result from destruction of the 
posterior columns of the spinal cord, correspond to a fraction only of 
such Mpole; 


r 
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On the other hand, “ bathyæsthesia” is, strictly. speaking, of too 
special a significance. It was invented to indicate the faculty of 
recognizing the. position of the limbs in space and of appreciating the 
vibrations of a tuning-fork, in as far as they were disturbed by lesions 
of the spinal cord. But an injury of the posterior columns-may also 


E destroy the power of appreciating the size, shape and relative weight of 


objects placed in the affected hand; to this loss of sensibility the in- 
adequate name of ‘‘astereognosis” has been applied. For “‘stereognosis” 
signifies ability to recognize the solidity of objects by touch, and cannot 
by any stretch of terminology be made to include the powér of 
appreciating weight. ` a 

Any attempt to fit the sensory disturbances, produced by i injury: of a | 
nerve trunk, into‘four primary categories of touch, pain, heat and cold, 
tends to even worse confusion. For, when one of: the larger nerves is 
divided, it. may be, that pressure can be perfectly appreciated, though 
sensibility to lighter contacts is abolished; and pressure may evoke pain 
in parts insensitive to a prick or a burn: In’ the same way, discrimina? | 
tion of two points may be destroyed, though recognition of posture and 
passive movement is maintained unimpaired. Moreover, as far as the 


`` peripheral mechanism is’ concerned, sensibility to heat. can be shown to 


be a complex process, involving the simultaneous activity of several 
different end-organs. - 

As each new fact of sensory isioeintion ‘became established, the 
conception of the part played bythe nervous system became more 
confused and the nomenclature more chaotic. The psychologist, who :- 
was not in direct contact with the facts, was content to explain the 
phenomena which underlie sensation as divisible into four groups of 
‘specific impulses aided by a. hypothetical ‘‘joint-sense”; these, 
elaborated by the mental processes of association and judgment, seemed 
all that was required. The attitude of the neurologist varied between 
an uncritical agnosticism and a determination to square his observa- 
tions on injuries of peripheral nerves with his conception of Spinal 
dissociation. 

. Obviously, some link was missing in the chain of reasoning which 
would harmonize those forms.of sensory. loss presented by lesions of the 
spinal cord. with the apparently impossible inductions of those’ who 
worked on the peripheral nervous system. This was found in the ` 
conception that afferent impulses underwent regrouping on their way 


- from the peripheral end-organs to their final termination in the highest’ 


receptive centres. Here was the means by which peripheral impulses, 
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with their opportunist or developmental grouping, could be recombined 

_ in accordance with their sensory qualities. 

- Each peripheral end-organ is a specific resonator attuned to some 
aspect of physical vibration. It responds by producing an afferent 
impulse stamped with the characteristics peculiar to the organ in 
which it has arisen. Hach of these impulses acts in turn on a series of 
receptive mechanisms ‘within the central nervous systém, which are 
themselves attuned to certain physiological qualities; here, those of like 
sensory disposition are gathered together, whatever their peripheral 
origin. Peripheral end-;organs respond to physical changes in their 
“environment, whilst these endo-medullary receptors react specifially to 
the welter of afferent impulses which reaches the central nervous 
system. 

In this way, afferent impulses of like sensory quality become gathered 
together in their passage through the spinal cord and brain-stem. At 
the termination of the fillet, their grouping so closely corresponds to the 

four qualitative aspects of sensation, with the addition of certain spacial 

‘attributes, that it would almost seem as ‘if no further integration were 
necessary. i 

_ But it is in the subsequènt fate of these regrouped afferent impulses 
that the bankruptcy of the older conceptions of sensory activity is most 
evident. It has long been recognized, that a gross lesion of the so-called 
“ sensory cortex ” does not abolish any of the four primary qualities of 
sensation. “An injury of the spinal cord or brain-stem may produce 
complete loss of sensibility to pain, heat or cold in the affected parts ; 
any one mode of sensation may be destroyed or preserved independently 
of the others. But when we attempt to investigate the effects of a lesion 
of the cerebral cortex on sensation, the problem seems insoluble; the 
patient appears to be untrustworthy, sometimes he appreciates a touch, 
at others a stronger stimulus passes unrecognized: Heat and cold are © 
not confused, but the patient may be uncertain whether a warm object 
is hotter or, colder than one of an ‘obviously different temperature, 
which he had held in his hand a few minutes before. Inconsequent 
answers, hallucinations, uncertainty dominate the records from the 
affected parts; he cannot be said either to appreciate or not to appreciate 
tactile or thermal stimuli; and yet he may be remarkably trustworthy 

‘to every. test applied elsewhere. 

The clue to this condition, so disconcerting to the views of the 
intréspective psychologist, is given by the behaviour of the optic 
thalamus. Until recently, the part played by this organ in sensation 
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was ER But we now recognize that it is. the seat of those 
physiological processes which underlie ‘crude sensations of contact, 
pain, heat and cold, together with the feeling-tone they evoke., The 
essential organ of the optic thalamus.is the centre for the affective 
aspect of sensation; whilst cisgriianOn and spacial otong are the 
product of cortical activity. 

Thus it is evident that, between the response of any ET 


“organ. to a physical stimulus and the: final impact of the afferent 


impulse on the sensory centres of the cortex and optic thalamus, lie 


the levels of physiological activity.” At the one pole is the external 
universe, whilst at the other we reach the primary mental states of 
sensation and feeling. Between them the diverse effects, produced, by 
a physical stimulus on , the receptive mechanisms of the, body, are 


‘. subjected to’ infinite modifications of. which we can never be conscious 


under normal conditions. © 


This conception of levels of activity within the nérvous system WEB 
` ,one.of the leading aspects of Hughlings Jackson’s teaching. To him a 


“ 


“level” was always one of function rather than of: structure; when, he 
spoke of the “ cerebellar level,” he implied the peculiar spfluerice which 
he attributed to the action of the cerebellum on the motor apparatus. 
But the overwhelming preoccupation of ‘neurologists with anatomy has 
led them to adopt the convenient term “level” in an anatomical rather 
than in a physiological significance. Throughout this paper, I shall 
use the word in its’ strictly functional sense, unless aa is preceded by the 
word “anatomical.” . For the activities of any one “‘ anatomical level” 


may be widely different in ‘the functional hierarchy.: Injury to the ` 


sensory cortex not only disturbs the power of attention and discrimi- 


nation but also produces hypotonia. An even more remarkable example 


is seen when the spinal cord is gravely injured at any one point, so as 


' to destroy its lateral and posterior columns; the anatomical level is 
_ given in terms of segments, but the consequences from the point of 


view of afferent impulses belong to at least two. functional levels. 


Destruction of the posterior columns has blocked peripheral impulses ‘ 


running in their primary combinations; the lesion of the lateral 
columns, on the other hand, has interfered with impulses of the secondary” 
level, which have already undergone. qualitative regrouping. 

It is obvious, therefore, that, if we are to understand the- sensory 
effects produced by a lesion-of any part of the nervous system, we must 
“yecord the reaction of the affected parts to each test in turn, ndting 
- which, stimulus is capable of evoking’ its appropriate sensation and 
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which of them is not appreciated, or induces an abnormal response. 
All general nomenclature must be avoided and we must be careful not 
to speak in terms applicable to one sensory level, when describing the 
changes which occur at another. Then only can we say that, at this 
‘particular level, sensory impulses are grouped in such and such a 
manner. 

This has been our aim throughout the series of researches on 
disturbances of sensation in which I have collaborated during the last 
fifteen years. A number of~selected tests were systematically applied 
in cases: of definite injury to various parts of the nervous system, 
between the periphery and the cerebral cortex and the results 
interpreted in physiological -terms. 

The object of the present ‘paper is to denenak by the same 
method of dissociated sensibility, the manner in which the cortex 
cerebri modifies the afferent materials it receives, to produce those 
physiological states which so closely underlie :sensation. 

But, in order that the nature of this activity may be clear, it will be 
necessary to recapitulate the various changes to which afferent impulses 
are subjected at different levels of the nervous system. None of these 
could be deduced by a priori reasoning. If I take into my hand a glass 
containing hot water, I receive the impression of its size, shape, weight, 
temperature, roughness or smoothness ; I also know that it causes me 
pleasure or discomfort according to the heat of the water it contains. 
Each of these qualities, recognizable in my impressions of the glass of 
water, have behind them many 'sensory impulses, which have been 
modified and regrouped between their peripheral origin and central 
termination. 

The actual afferent consequences produced -by the glass of hot water 
cannot be deduced from any a priori reasons. All we can discover 
from introspection is that the object is of a certain size, shape, tempera- 
ture and consistence; we must for ever remain ignorant of the nature 
of the impulses which underlie these sensory characters. But by 
_ observing the, consequences produced by interference at various known 
points in the nervous system, we find that some impulses are intercepted, 
whilst others pass on to reach the highest receptive centres and form 
the underlying basis of an abnormal sensation. By analysis of such 
dissociations of sensibility, due to lesions at different levels of the 
nervous system, it is- alone possible to unravel that vast mass of 
mechanical dispositions, which lie normally outside the field of 
_ consciousness. 
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CHAPTER Il—Tue INTEGRATION oF AFFERENT IMPULSES. 


l § 1—The Peripheral Afferent System. 


Let us first of all consider the principles which emerge from the 
application of this method to the peripheral nervous system. 

If the whole skin and superficial structures are rendered insensitive 
over an area of considerable size, without at the same time disturbing 
any of thé nerve fibres running from deeper’ parts, sensation is not 
abolished, but is profoundly: modified. The affected part still retains 
many sensory faculties usually attributed to end-organs in the ‘skin; 
and yet it is innervated solely by the deep afferent system supplying 
the connective: tissues, muscles, joints, and tendons. The experiment 
on my arm showed that. pressure and jarring contacts’ were quickly 
appreciated, and localized with remarkable accuracy. Roughness was 
recognized as perfectly as on the normal hand. Even contacts, which 
‘would usually ,have been called “light touches,” evoked a sensation 
' provided they depressed the surface of the skin; but grave deformations 
caused by pulling the hairs passed entirely unnoticed. A large part of 
‘our normal sensibility to touch depends on this deep system of afferent 
fibres, which was allowed to remain intact in my experiment 

([18] p. 856). 

To these deep end-organs we also owe ths power of responding to 
certain aspects of pain. For, although the denervated area on the back 
of my forearm.and hand was completely insensitive to the pain of a 
prick and a. burn, the discomfort produced, by excessive pressure was 
even more P Aod than over similar parts:on the normal hand. 
Moreover, the cramp caused by repeated electrical stimulation of the 
muscles was at once appreciated as a most unpleasant sensation. 
Evidently, then, pain as we know it in daily life may be: the result of 
two sets of impulses, one starting from the surface and the other from 
the end-organs of the deep afferent system. 

We have already mentioned the accuracy with which the poston 
of the spot touched can be localized, when a part is endowed with . 
deep sensibility only. Another faculty, which depends entirely on the 
integrity of this afferent system, is the power of recognizing movement, 
and appreciating the position of any part of the limb. Here, impulses 
from the surface of the body play little or no part; in all cases where 
this aspect of sensibility was found to be disturbed- from a lesion of 
peripheral nerves, we were able to prove, that the deep afferent fibres 
had been injured in some way by the lesion. Yet in spite of the base 
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with which the spot touched can be localized and posture appreciated, ~ 
the two points of the compasses cannot be discriminated, when they 
are applied strictly simultaneously. Here we discover the first of those 
dissociations in spacial recognition, so disconcerting to the conventional ` 
psychologist. 

- Evidently, the deep afferent system is adapted to react to all contact 
stimuli, other than the lightest touch or movement of the hairs. It is 
_ also the means by which we become aware of the situation of a stimu- 
lated point and of, the posture and movement of any part of the body 
or limbs. Again, it is the channel for evoking all those forms of pain 
and discomfort, caused by: undue pressure, injury to the joints or 
abnormal muscular contraction. 

So far the dissociation of function can be produced with ease and 
observed without difficulty. But, when we attempt to analyse the func- 
tions of the afferent mechanism which innervates the surface of the 
body, the problem is less easy experimentally. We are obliged in most 
cases to fall back on the process of regeneration to produce that disso- 
ciated sensibility, which reveals the composite nature of the cutaneous 
afferent system. ' 

In the course of the experiment on my arm, we found that sensi- 
bility began to return to the skin a little over six weeks after the 
operation; within seven months the back of the hand was sensitive to 
pain, to cold, to heat and to any contact which moved the-hairs. But 
the sensation experienced was peculiar and quite unlike any reaction 
from normal parts; for, although less easily evoked, it was unusually 
vivid. The pain of a prick was intolerable; cold was said to be 
colder and a suitable warm stimulus produced a more actively pleasant 
_ effect than over the normal skin. In this stage of recovery a high 

threshold was associated with a brisker response ([13] p. 369). 
_ The sensation aroused within the affected ares had certain other 
peculiar characteristics. It radiated widely and was not confined to 
the neighbourhood of the stimulated spot. Portions of the affected 
area seemed. to be linked up together, so that stimulation of the one 
evoked a sensation of the same specific ‘quality referred to the other. 
Thus, brushing the hairs, pricking or the application of heat: or cold 
to the neighbourhood of the index-knuckle caused a diffuse outburst ` 
of the appropriate sensation over the dorsal aspect of the thumb. 
Moreover, the response was massive, diffuse and bore little relation 


to the measured strength of the stimulus, so long as it was effective 
([13]’ p. 412). 
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It had long been known that certain minute spots in the normal 
skin were especially sensitive to heat, to cold, and to pain, although 
there was reason to believe they were not the cause of all its sensory 
. functions. We were able to show that this punctate system was 
responsible for the peculiar mode of ‘reaction, present during the first 
stage of recovery. This was particularly easy in the case of thermal 
stimulation. ` For, whenever a part of the affected area became sensitive 


to heat or to cold, one or more of these specific spots was discovered , 


- within it. Thus, five months after the operation, we found that a 
certain part of my thumb had become sensitive to cold; whenever 
the silver test-tube containing iced water was brought into contact 
with the dorsal surface of the first phalanx, it caused a brisk, diffuse 
sensation of cold. On testing this part with an ice-cold rod of not 
more than 1 mm.-in section, a single spot was discovered, to which 
the sensibility of the whole area was due. No ‘part of the affected 
skin on the back of the hand reacted to heat until nearly six arid a half 
months after the operation. Then, for the first time, a region in the 
neighbourhood of the head of the first metacarpal bone responded to 
the warm test-tube. Here a minute spot was found, which subse- 
quently proved to be one of the most constant and active of-all the 
_ heat-spots on my hand. 


These minute areas of specific sensibility can be discovered in the 


: normal skin by suitable methods of examination; but they ‘are not 

the only organs responsible for its sensibility, as is the case during 
"the first stage of recovery. The skin between them is sensitive to 
touch and to temperature., This makes it impossible to carry, out 
on the normal hand, many of the most illuminating observations made, 
in my case, during the period when the skin was ‘endowed solely with 
this punctate mechanism ([18] p. 429). 

For sensibility to contact at this stage was due solely to the hairs ; 
if they were carefully shaved away, I no longer responded to cotton 
wool moved lightly over the surface. Heat and cold could’ only be 
‘appreciated in parts, where we were able to demonstrate the existence 
of minute areas with their appropriate specific reaction. If, as was 
not infrequently the case, a portion of the skin, one or more centi- 
metres square, was devoid of heat-spots, that part did not respond to 
temperatures between 40° and 45° C., even if stimulation was made 
with a flat-bottomed tube covering the whole of that area. 

These heat- arid cold-spots are scattered irregularly about the surface 
of the body. Within an area of 5 cm. square upon the back of my 
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hand, we discovered sixteen heat-spots during thé first stage of recovery. 
These were not increased in number as sensation became curther 
restored; on the contrary, some of them became more diffizult to 
_ digcover, owing to the $ way in which their vivid reaction was controlled. 
The cold-spots within the same area in my case numbered about sixty- 
eight in all, of which ‘twenty-eight belonged to the first grade in con- 
stancy and vividness of reaction; they were rarely,-if ever, missed in - 
the records extending over more than four years. For it must be 
remembered that one of the most striking characteristics of organs 
` belonging to this punctate system, even in the normal skin, is the 
‘profound influence of general fatigue on their reaction. After a tiring 
. day I could mark out those of first grade only, and could obtain no 
reaction from many second-grade spots, Which were easily discovered 
after a night’s rest. 

The pain produced by a prick at various points within the aifected 
area varied greatly in severity and in the ease with which it cold be 
evoked. But the pain-spots are so numerous within any one centi- 
metre square that their position cannot be determined with the 
certainty of those for heat and cold, 

But all the organs of this punctate aen possess certain 
characteristics in common. They regenerate with great rapidity after 
the peripheral nerve has been successfully united, and for many months 
ithe reaction of the skin to contact, to pain, to heat and to cold shows 
-that they alone are responsible for any sensibility it may possess. 

Each sensory spot reacts to adequate stimuli in a strictly specific 
manner. Thus, when a cold-spot is stimulated by a suitable metal rod 
recently removed from iced water, the sensation is one of cold; but 
when the same rod, heated to between 45° and 50° C., is brought into 
contact ‘with a cold-spot, the sensation evoked - -is equally one of cold. 
‘Tee and water at 45° C. happen to be adequate to excite the cold-spots, ` 
and in both cases the result on consciousness is the same, in spite of 
the physical difference in the stimulus.. 

Another important and characteristic function of this punctate 
system of cutaneous sensibility is the mode of its reaction. This 
can' be tested most accurately by experiments on the heat- and cold- 
spots. The response to a stimulus capable of exciting one of these 
organs is not strictly graduated by its intensity, but, is arranged on the 
“all or nothing principle.” This reaction occurs over a limited range, 
the heat-spots responding to temperatures above about 38° C., the cold- 
spots to those below about. 26°C. Once the'stimulus is effective, it 
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matters little how cold or how.hot it may be; end-organs of this class 
` indicate its quality, not its intensity. 

A natural consequence of this mode of reiaton is ‘the overwhelming 
importance of the extent of surface covered by tħe stimulus rather than 
its intensity. For it is obvious that- if one cold-spot can be excited to 
vigorous activity by 20° C., a stimulus at the same temperature, 
sufficiently extensive to cover many cold-spots, will seem to be far colder 
although in reality its intensity isthe same. Thus, whenever we are 
dealing with these primitive end-organs, extensity is of greater sensory 
importance than intensity. This is exquisitely ahown by the following’ 
experiment, carried out repeatedly on my hand, during the period when 
it was innervated solely by this punctate system of end-organs. A - 
group of cold-spots was carefully marked out and one of them was 
stimulated with an ice-cold rod which’ just covered it; the sensation 
produced was one of cold. But, when a small flat-bottomed tube 
containing water at 20° C., was placed over the whole group of spots, I 
thought it was much colder than the iced rod. Time after time the | 
more extended stimulus of less intensity produced a greater sensory - 
effect than the more intense stimulus of less extent ([13] p. 422). 

I have already pointed out, that one peculiarity of the reaction from 
any part of the surface, innervated solely by this punctate system, is the 
diffuseness and wide radiation of thé sensation evoked. ,When any 
hair-clad part, such as the ‘back of the hand, is stroked with cotton 
wool an intense “ tingling ” ‘and “itching” is produced over widely. 
remote paris of the affected area. This sensation disappears, when the 
skin is carefully shaved, and is due to. movement of the shaft of the . 
hairs ; it is not a function of the skin as a whole. In the same way,, 
any effective hot, cold or painful stimulus produces it sspecific sensation, 
which is referréd to-the same remote parts of the affected area, 
irrespective of any difference in quality. 

This punctate afferent mechanism we have called “‘ protopathic,” on 
account, of its primitive characteristics. These are shown in the early 
restoration to activity of its end-organs after the: nerve has been 
reunited. Secondly, each set of end-organs responds in a strictly 
BpecinG manner, as shown by the remarkable phenomenon of“ ‘paradox 
cold ” ; for it matters little to the cold-spots whether the stimulus is at 
15° C., or 45° C., provided it is capable of evoking a response. If so, 
the sensation is one of cold. A third primitive character appears in the 
nature of the reaction. The end-organs of this system tend to react 
on thé “all or nothing.” principle, and .stimulation. evokes. a response, 
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not strictly graduated according to its intensity. This explains the 
‘predominant effect of the extent of the stimulus and the relatively small 
part played by its intensity. Lastly, all sensations, which arise from 
uncontrolled protopathic activity, tend to radiate widely and to be 
referred into remote parts, a condition incompatible with a high degree 
of spacial discrimination. l 
Superposed on this older mechanism is another cutaneous system 
of later development and higher functions, which we. have called 
` “epicritic.” When a nerve trunk has been successfully united, heat-, 
cold- and pain-spots are restored to full activity, many months before 
there are any signs of returning epicritic sensibility. But, as soon as it 
begins to' appear, the mode of reaction changes. The diffused sensa- 
tions, so characteristic of protopathic activity, give ‘place to œ more 
i strictly localized response; radiation no longer occurs into remote 
parts of the affected area. At the same time, the power returns of 
distinguishing two compass-points, applied simultaneously. This is 
essentially an ability to recognize objects in two-dimensional space, 
and it is this faculty which checks and controls the diffuse reaction, 
characteristic of protopathic sensibility. For, if we are conscious of 
the extent of surface covered by the stimulus, radiation into remote 
parts and wide diffusion become impossible. 

The “all or nothing” reaction of the heat- or cold- -spote also gives 
place to one graduated more closely according to the intensity of the 
stimulus. At the same time, the affected part becomes sensitive to 
temperatures that lie in the middle of the scale (27° to 88° C.). 

Another remarkable change, due to the restoration of epicritic sensi- 
bility, is shown in the return of the power of adaptation to varying 
temperatures. If, under normal conditions, the hand has previously 
been exposed for some time to warmth, an object at a certain tempera- 
ture, such as 29° C., may seem to be “‘ cool,” whilst conversely, if it has 
been adaptéd to cold, the same stimulus may appear to be “ warm.” Bo 
long as my hand remained in the protopathic condition, no such adapta- 
tion was possible, and any adequate thermal stimulus was invariably 
thought to be hot or cold, irrespective of the temperature to which it 
' -had been previously exposed ([13] p. 406). 

The activity of the epicritic system is essentially modulated 
according to the intensity and locality of the stimulus. It is concerned 
with the finer degrees of tactile and thermal discrimination and in this 
` way is opposed to, and controls, the diffuse ‘ all or ane ” reaction of 
protopathic sensibility. , i 
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It has been objected, that .protopathic and epicritic sensibility are 
not the outcome ‘of the activity of two peripheral systems, but are 
stages in- the restoration of function of the divided. nerve. ` In fact, 
many observers call the former a state of ‘‘parssthesia,” and are - 
satisfied that they have thereby sufficiently explained its peculiar 
reactions. The improbability of such a view is shown by the following 
observatioris: made on my hand. 

Throughout the protopathic stage of recovery, the vividness and 
extent of the reaction became steadily greater with the gradual return 
of sensibility to pain and the increasing number of heat- and cold-spots. 
But this massive and radiating response was curtailed, or even 
abolished, at the height of its development with the first signs of ' 
returning sensibility to light touch and to minor degrees of heat. Had 
protopathic sensibility been but ‘a half-way house on the road to, 
recovery, we should have expected its steady increase to be associated “ 
with a simultaneous decrease in radiation, and reference. But this is 
not the case; the return of epicritic impulses diminishes protopathic 
activity, as expressed in the sensations evoked by adequate stimulation 
of the end-organs of this system. 

How completely this is due to control by:a separate and dominant 
system over the activity of one of more primitive functions was shown 
by the behaviour of my hand when cooled. Epicritic sensibility is 
liable to be affected by the general action of external cold, especially 
before it has béen completely restored. At a time when almost. the 
whole of the back of my hand had so far recovered that referred 
sensations,could no longer be\produced, it: was rapidly cooled; radiation 
and reference returned as vividly as of old, and the hand was thrown 
back for a time into a purely protopathic condition. The newly ` 


recovered activity of the high-grade epicritic mechanism was disturbed 


by the cold, and protopathic HES previously inhibited, | now paspo 
on uncontrolled. 

`. This control can be exerted, even by epicritic ‘eat ile from the 
adjacent normal skin, if normal and‘ abnormal parts are stimulated 
simultaneously. .When a cold tube was placed so that it fell „just 
‘within that part of the dorsum of the hand which was in a purely 
protopathic condition, a vivid referred sensation was always experienced 


` «in the thumb. But when the base of the tube fell partly within this” 
‘ area and partly over the adjacent normal skin, reference to, the thumb 


was abolished. The only sensation produced was one of coldness - 
around the spot on the back of the hand in contact with the tube. 
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Occasionally it happens by a fortunate chance that, after division of 

cutaneous nerves, some part of the denervated area retains its epicritic 
sensibility, though insensitive to prick and to heat and cold. With the 
return of these aspects of sensation, pain-, heat- and cold-spots make 
their appearance, but are accompanied by none of the usual radiation 
and reference into remote parts. For in this case protopathic sensi- 
bility is restored to a part already actively epicritic; it therefore comes 
back under control from its first restoration. 
t t Some might object that such dissociations are purely pathological, 
the product of extraordinary conditions, in no way comparable to 
normal sensory states. But in the glans penis we find an organ 
endowed with sensibility to deep pressure, but otherwise reacting 
exactly in the protopathic manner. It is insensitive to light contacts, 
insufficient: to arouse sensations of ptessure-touch. It is endowed with 
psin-spots and with heat- and cold-spots which react vividly to appro- 
priate temperatures, only. The response is diffuse, and the extent of 
the stimulus is of more importance than its intensity. Here, then, is a 
normal organ endowed with an exactly similar sensory mechanism to 
‘that which we believe exists as a primitive afferent system in the skin 
({13] p. 388). ` 

Such a form of sensibility is capable of an affective, rather than a 
discriminative, reply to external stimuli. It forms an admirable 
warning mechanism; for it can give either a painful or a pleasurable 
answer, which admits of no hesitation. Repulsion or ‘attraction must 
follow as soon as @ sensation of this order is developed. 

With the advent of the epicritic mechanism, the response ‘is no, 
longer massive and diffuse, but strictly localized. This renders it easy 
of control, and admits. of choice in the motor response. The surface of 
the body can also become adapted to stimuli to which it has been 
exposed for any length of time; thus, the same external physical con- 
dition no longer evokes of necessity the same sensation, and the central 
nervous system ceases to react with the same vigour to constant 
stimulation. ' 

` Here, in the dominance of a reaction based on intensity over one 
‘dependent mainly on the extent of the stimulus, we see the elements 
of that struggle between the discriminative and affective aspects of 
sensation, which forms so inportant a factor in the activity of the 
‘human mind. 
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§ 2.—Synthesis and Control of Afferent Impulses underlying 
natis of Pain, Heat and ‘Cold. 


All the incongruous impulses, generated in the various anand 

’ end-organs, can never affect consciousness at the same moment; some 
succeed in forming the basis of sensation, whilst others are inhibited 
and would never be recognized were it not for the facts of dissociate. aT 
sensibility. During their passage through the central nervous Byeter : So 
they sooner or later undergo integration carried out, partly by cox. 
bination into-specific groups and partly by selective inhibition. Of 
these two processes the former, as far as painful;and thermal sensi- 
bility are concerned, takes place at the first synaptic junction in the 
spinal cord. 

As soon as the impulses arising - in the deep system and in the two 
cutaneous mechanisms reach the spinal cord, they undergo regrouping. 
All those capable of evoking pain, whether from the surface or from 
deeper structures, are picked up by intramedullary receptors, which 
guard the entrance to the secondary tracts, devoted to conduction of 
this ‘specific aspect of sensibility.’ In the same way, the afferent 
consequences of all stimuli capable of evoking a sensation of heat, 
. whether of epicritic or protopathic origin, are gathered together into 
‘special secondary tracts. An analogous synthesis occurs of those © 
impulses, arising from stimuli on the cold half of the thermal scale. 

The underlying factors of these three primary modes of sénsation 
. are selected and integrated, to pass on in separate tracts as high as the 
optic thalamus. As soon as the first synaptic junction is passed, on the 
passage upwards of afferent impulses, the characteristic features of proto- 
pathic and epicritic sensibility disappear. A lesion of the spinal cord, 
which destroys sensibility to pain, tends to sbolish it, whatever may be 
the source of the impulses on which it depends. In'the same way with 
heat or with cold, each specific.aspect of sensation is disturbed, regard- 
less'of the system of end-organs in which the physical changes arose. 
Moreover, sensibility to pain, to heat or to cold may be affected 
independently of one another, a condition impossible as a consequence 
` of any lesion of the peripheral nervous system. We believe that these 
intramedullary receptors may be compared to resonators placed in a 
concert hall; they pick up, and respond to, those impulses only to 
which they are attuned, irrespective of the instrument that produced 
them. ([8] p. 642). 

. The changes, which occur at the first synaptic junction, result in 
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the sorting of afferent impulses into specific sensory groups; those 
originated by similar properties of an external stimulus are gathered 
together, although they may have arisen in one -organs of different 
peripheral systems. 

But such specific combination would in the end be useless without 
selective inhibition. A temperature of 45° C. can stimulate the heat-, 
thé cold- and the pain-spots, and gross confusion would result, if such a 
stitnalus were able to evoke at the same moment sensations of pleasant 
we’ "mth, ice-cold and pain. 

‘The following experiment shows how complete may be this 
selective inhibition. Take a metal rod with a blunt end measuring 
not more than 1 mm. in diameter and cool it to 15° C. or below. On 
carefully exploring the back of the hand, spots will be discovered where 
the rod produces a peculiarly vivid sensation of cold. These are 
the cold-spots. Now heat the metal rod to 45° C. and place the end 
so that it exactly covers one of the spots; if the experiment is carefully 
carried out, you will experience a sensation of coldness; as if the rod had 
been dipped in cold water. This is the condition known as “ paradox 
cold.” Take a flat-bottomed. metal' tube, containing water at 45° C., 
of such a size, that it will cover many cold spots and the skin around 
them, Lay this on the back of the hand and you will experience a 
pure sensation of heat; and yet we know that this temperature is 
capable of evoking a sensation of cold, if it is applied to each of the cold 
spots individually. Under normal conditions, however, the effect 
produced by stimulating the cold-spots is dominated, before it can 
disturb consciousness, by the coincident impulses, due to the action 
of the same external physical agent on the mechanism which responds 
to heat. 

The ‘behaviour of the glans penis forms another excellent illustration 
of such inhibition. It is not uncommon'to find that the punctate end- 
orgaiis with which it is endowed are not uniformly distributed; the tip 
of the glans around the meatus may be devoid of heat-spots, but 
sensitive to cold and to pain. In such a case we carried out the follow- 
ing remarkable experiment. The end of the penis was dipped into glass 


‘containing water at 40° C.; since no heat-spots were present and this 


temperature has no effect upon the cold-spots, the only sensation evoked 
was a peculiarly disagreeable pain. ‘When, however, the temperature 
of the water was raised to 45° C. pain was to a great extent displaced 
by a vivid sensation of cold, due to stimulation of the cold-spots. An 
elevation of temperature, which might have been expected to evoke 
BRAIN—-VOL. XLI. ' 6 
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greater discomfort, ceased to be strictly painful, because of the appear- 
ance of the specific sensation of cold. But around the corona the penis 
is always well furnished with heat-spots, in addition to those for cold 
and for pain; as soon, then, as the water at 45° C. covered the 
corona, without reaching the foreskin, both cold and pain disappeared, 
giving place to an exquisitely pleasant sensation of heat ([18 p. 390]. 

The following observation made on my hand, during the later stages 
of regeneration, shows the same phenomena from another aspect. The 
dorsal portion of my thumb had so far recovered that contact with a 
large vessel containing water at 40° C. produced a pleasant, well- 
localized sensation of warmth. But, at the same time, the skin in the 
neighbourhood of the index knuckle was in a condition of pure 
protopathic sensibility, and a cold tube applied to this area evoked a 
diffuse and vivid outburst of cold referred to the back of the thumb. 
It was, therefore, possible to stimulate the skin of the thumb with heat, 
and, simultaneously, to evoke a sensation of cold referred to the same 
area. As soon as this was brought about, all sensations of heat and of 
cold ceased in the thumb and were replaced by pain. When, however, 
the cold tube was removed from the neighbourhood of the index 
knuckle, the direct effect of the hot stimulus in contact with the thumb 
reasserted itself, as pleasant warmth and the pain disappeared. 

In none of these instances was the process of selective inhibition 
in any way conscious. The sensation evoked was a definite one of heat, 
of cold or of pain. The whole process takes place on thé physiological 
level and would have remained for ever incomprehensible, had it not 
been for the phénomena of sensory dissociation. 

Unlike the regrouping of afferent impulses, this selective inhibition 
does not occur at the first synaptic junction. For, in cases where an 
intramedullary lesion destroys all sensibility to heat without affecting 
that to cold, a temperature of 45° C. applied to the anesthetic parts 
may still evoke paradox cold (Head and Thompson [8] Case 7, p. 678). 
Moreover, it is possible to show that, under converse conditions, 
temperatures below 22° C. may produce an analogous paradoxical , 
sensation of heat from regions entirely insensitive to cold. All observers 
have found difficulty in proving the existence of this phenomenon by 
experiments on the normal skin. But, when all sensibility to cold is 
lost owing to a lesion of the spinal cord, and yet the patient remains 
sensitive to heat, temperatures below about 20°C. may excite sensations 
of warmth ([8] Case 8, p. 682). These observations are particularly 
easy to carry out in suitable cases of lesions within the spinal cord, 
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because of the large areas which may not respond to one form of 
thermal stimulus, although they are acutely sensitive to the other. 
In the same way, if all sensibility to heat and cold is abolished in 
. consequence’ of. an intramedullary lesion, but the’ appreciation of 
painful stimuli is unaffected, it is easy to show that temperatures 
between 40° C. and 45° C. are capable of producing pain. Thus, a 
single physical stimulus, such as a temperature of 45° C., may start 
changes in peripheral end-organs, which pass up all the secondary 
tracts devoted specifically to the impulses of pain, of heat and of 
cold. Final integration by selective inhibition must take place at 
a level above the termination of these columns in the optic thalamus. 


' § 8.—Tactile Sensibility and Localization. 


Painful and thermal stimuli generate impulses that are more easily 
analysed’ by the dissociation method than those due. to contact of 
some external object with the surface of the body. But: tactile sensi- 
bility is equally the result of incompatible impulses which never, 
under normal circumstances, affect consciousness, until they have 
undergone combination and selective inhibition. 

When any considerable area of the skin is rendered insensitive with- 
out disturbance of deep sensibility, as was the case in the experiment 
on my hand, that part of the body still responds to contact.’ Slight 
pressure on the abnormal area can be appreciated and localized, whilst 
touches with cotton wool and deformations of the surface, -caused by 
pulling ‘the hairs, remain completely unperceived. Whether a sensation 
was or was not elicited, when a thick camel-hair brush was applied to 
the dorsum of my hand, depended largely on the way the brush was 
used. If applied suddenly and vertically to the skin, so as to cause a 
jar, a slight tactile sensation was produced; but, when the pressure 
was made more gradually, it was not appreciated until the brush was 
distinctly bent. In the same way, stroking the part gently with a 
wisp of long-fibred cotton wool was entirely unperceived; but cotton 
wool balled. together into a “swab,” such as is used for sponging a 
wound, caused a sensation, if pressed upon the affected part. The 
more gradually contact was established and the smaller the pressure 
applied, the less likely was it that a sensation would result. All 
observations show, that parts endowed with deep sensibility are 
especially sensitive to jarring impact. 

Measurements revealed that, whereas the normal skin on the back of 
my hand was sensitive to the contact ‘of hairs of from 8 to 12 grm./mm.3, 
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the part innervated by the deep ayers alone responded to 35 grm./mm. 
but not to 23 grm./mm.?. 

Deep sensibility may, therefore, endow the ody with a remark- 
able power of responding to contacts so slight that,: under ordinary 
conditions, they would have been spoken of as “light touches.” This 
is no pathological state ;'for, during the period when the skin of my 
hand was entirely insensitive, I frequently found extreme difficulty 
in marking out the affected area by means of light pressure. When 
the back of my hand was stimulated by pressure with the round head 
of a pin, no essential difference could be noticed between the quality of 
the sensations on the normal and’ affected parts. - 

This power of recognizing contact carries with it remarkably 
accurate localization. When, before any recovery had taken place, I 
was asked to indicate the spot touched, my answers were as accurate 
- on the one hand as on the other. 

This faculty of indicating the situation of a touch was not associated 
with any power to discriminate two points applied simultaneously to ` 
the skin, even when separated: to the greatest distance possible over 
the affected area on the back of my hand. But two points applied 
successively were at once recognized, even when they were not more 
than 1°5 cm. distant from one another. Here then -we find a 
remarkable dissociation between the one- and the two-dimensional 
aspects of spacial sensibility. A single spot, or two.spots touched in 
succession, could be localized with normal accuracy, but the strictly 
simultaneous stimulation at two points on the surface of the body 
could not be recognized as more than one contact. 

_With the return of protopathic sensibility, this power of localization 
is profoundly disturbed. For one of the chief characteristics of the ’ 
- reaction of this primitive cutaneous system is its diffuseness and 
tendency to cause sensations referred to remote parts. ‘If, during this 
stage of recovery, cotton wool was rubbed over a small hair-clad portion 
of the affected area a peculiar widespread tingling was produced. This 
response had the same fundamental features as- that from the heat-, 
cold-, and pain-spots. It was strictly confined to the hairs and was 
absent from hairless parts, such'as the radial aspect of the thenar 
eminence. ‘Tf all the hairs were carefully shaved, the protopathic area 
-became insensitive to cotton wool and all diffuse reaction to contact 
ceased. Moreover, the remote~sensdtion due to stimulating the hairs 
with cotton wool was referred into exactly the same parts as the pain 


' evoked by pulling them ‘individually, or by exciting the heat- and cold- 
spots of the same area. 
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So long as the affected portion of my hand was innervated by deep 
sensibility only, the position of a touch was well localized, if sufficiently 
heavy to be appreciated. With the first signs of returning protopathic 
sensibility, localization became gravely disturbed, for there are but few 
stimuli of daily life which do not excite.some other sensation beside 
those of contact. The more nearly the stimulus consisted of pure 
` tactile pressure, the easier was it for me to indicate the spot to which 
it was applied. But, when it was produced by rubbing the hair-clad 
parts firmly with a swab of cotton wool, or by pressure with the end of 
a cold test-tube, the diffuse radiation was so great that no correct 
localization was possible. Here the return of sensibility was actually 
associated with disturbance of a power already possessed by the affected 
parts. 

With the first return of epicritic sensibility, reference occurs less 
frequently and radiation is diminished. The affected parts become 
sensitive to touch, even when the hairs are shaved, and measured tactile 
stimuli of 21 grm.'mm..’ òr less are distinctly appreciated. During this 
stage of recovery it grows increasingly possible to recognize the duality 
of two spots touched at the same moment, and the compass-test begins 
to show the existence of some tactile discrimination ([13] p. 411). 

` All tactile - impulses, whatever their peripheral origin, become 
ultimately combined by the time they reach the upward termination 
of the spinal cord. But the course they follow differs from that of 
impulses arising from thermal and painful stimuli, in that a double 
path is open to the tactile impressions of each half of the body throughout 
the greater part of their intramedullary course. In the larger number 
’ of cases of loss of sensation produced by:a lesion in the opposite half of 
the spinal cord, pain, heat and cold only are affected. But, in a few 
instances, this loss is accompanied by & definite disturbance of tactile 
sensibility; such change is always associated with some injury to the 
posterior columns on the side of the loss of sensation, accompanied by 
more or less destruction of the antero-lateral aspect of the opposite half 
‘of the spinal cord. For, in order that tactile sensibility may be affected 
from an intramedullary lesion, it is.necessary not only to injure the 
crossed secondary paths, but also to disturb: the conduction of the 
primary path for tactile ‘impulses in the posterior columns. For this 
reason, sensations of touch and pressure. are much less frequently 
affected in cases of Brown- Séquard paralysis than those of pain, heat 
and cold. 

Tf, however, tactile sensibility is either abolished, or even diminished, 
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it is affected_as a whole. Impulses, originating from the surface and 
from the deep parts, have been combined and all distinction is lost 
between those arising in different peripheral systems. The lightest 
tduch and the heaviest pressure, short of discomfort, form the“ two 
ends of a graduated tactile scale. Whenever it would seem as if some 
lesion of the spinal cord had destroyed sensation to light touch, but 
left that to pressure unaffected, careful measurements will show that 
the tactile loss is greater than, could: be accounted for by the aboli- 
tion of cutaneous sensibility alone. Not only is light touch abolished, 
but the lesser grades of pressure are also affected, and many stimuli, 
which would have been adequate to excite. deep -sensibility, fail to 
arouse appreciation. ; f 

‘It is probable that, in this synthesis of tactile impulses, the peculiar 
effect produced „by brushing the hairs of my hand in the protopathic 
stage still remains as the quality we recognize as “tingling” or 
“itching.” ` Such sensations, arising from the normal skin, closely 
resemble a modified and controlled form of the widely diffused reaction, 
caused by brushing the hairs in this stage of recovery: These impulses 
- travel up the spinal cord in conjunction with others of tactile origin. 
For, if all sensibility to pain, heat, and cold is destroyed in consequence 
of an intramedullary lesion, but touch remains unaffected, tingling-and 
itching can still be produced by stimulating the hairs, and the sole can 
' be tickled so as to evoke either pleasure or discomfort. 

Throughout their whole course, within the limits of the spinal cord, 
tactile impulses arè associated with the power of localizing the position 
of the spot touched. All recognition of the posture of the limb in space 
may be lost, and discrimination of two points may be impossible, but 
localization will ‘not be affected, unless tactile sensibility is disturbed. 
But, above the nuclei of the posterior columns, tactile impulses tend 

‘to separate from those which underlie the power of appreciating - 
the situation of the stimulated spot. The long connexion of topical 
localization with the integrity of one or other form of tactile sensibility © 
is then broken for the: first time. 


- § 4.~Other Spacial Aspects of Sensation. 


When the: sensory supply of » part of the body consists of the deep 
afferent system only, the patient can recognize.its position in space, 
and can-estimate the direction and extent of passive Movements as 
certainly as on the normal side. Complete division of all cutaneous 
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nerves to a finger in no way affects the power of appreciating Taipo 
ships in ‘threb-dimensional space. 

The presence of deep sensibility only is sufficient also to endow the 
affected area with remarkably accurate localization, provided sufficient 
pressure is used to induce a sensation of contact. But tactile discrimi- 
nation is impossible; the patient cannot distinguish two points of the 
compasses, when separated to the farthest distance within one segment 
of the limb. 

. Thus, the deep afferent system gives origin to all the impulses which 

are concerned with three-dimensional recognition and to many of those, 
responsible for accurate localization of the stimulated spot; but it plays 
no part in the appreciation of tests in two-dimensional space. When 
we consider how closely this aspect of sensation depends upon impulses 
from the surface of the body, it is not difficult to understand the reason 
for this peculiar dissociation. 
‘Tactile discrimination is closely bound up with the integrity of the 
epicritic system. During the protopathic stage the reaction to contact 
is massive and diffuse; it is impossible to indicate accurately the posi- 
tion of the stimulated spot, and two points cannot be distinguished. 
Contacts with two points of the compasses simultaneously, or with one 
point only, are confused and the sensory response bears no obvious 
relation to the single or double nature of the stimulus. 

One of the earliest signs of returning epicritic sensibility is the 
appearance of tactile discrimination. At the same time, the reaction 
becomes less diffuse, and sensations are no longer referred to remote 
parts of the affected area.: One of the most potent methods by which 
the presence of epicritic sensibility controls the vehemence of proto- 
pathic reactions depends on this recognition of two-dimensional 
relationships. The widespread reaction is not only inhibited by the 
impulses underlying tactile discrimination, but the ultimate sensa- 
tion is restricted approximately to the area stimulated. As soon as 
this direct relation between the superficial extent of the stimulus 
and the sensory reaction is established, it becomes possible to compare 
the relative intensity of two external stimuli. A tube containing 
water at 20° C. is no longer. thought to be “colder” than a metal 
rod of considerably smaller superficial area at the temperature of 
ice; for this error of ‘appreciation depends on the more massive 
reaction evoked by the larger of, the two stimuli, which renders 
impossible any accurate comparison of their relative intensity. 
Epicritic sensibility controls the diffuse “all or nothing” protopathic 
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reaction in two ways. It endows the afferent mechanism with the 
power of adaptation, so that its response depends not’only on the 
sensory quality of the stimulus, but also on the previous experiences 
to which it has been recently exposed. Secondly, it gives to the affected 
area the power to respond to relationships in two-dimensional space, 
and probably in this, way curbs, that radiation and reference into 
remote parts so characteristic of the protopathic response. 

Tactile, painful and thermal impulses ultimately cross to the 
opposite side in their passage through the spinal cord and as soon 
as they have passed into secondary tracts show evidence of re-— 
combination. But those which underlie spacial recognition in two and 
three dimensions do not cross, until they reach the nuclei of the 
posterior columns at the upper end of the spinal cord. 

Experimentally, this is a most fortunate condition, for it enables us 
to study the changes in sensation produced by the destruction of these 
spacial elements, in parts of the body otherwise of normal sensibility. — 
An injury, confined to one half of the spinal cord, may cause loss of 
power to recognize posture and passive movement, together with want 
of discrimination of the compass-points on the-side of the lesion, 
whilst every other disturbance of sensibility it may produce will be 
found on the opposite half of the body. We can therefore investigate 
the nature and consequences of this defective spacial recognition, 
unbampered by any other concomitant sensory loss; and, if the lesion 
lies sufficiently high in the cervical region to affect the hand, we can 
test its effect upon the appreciation of size, shape and weight: 

Head and‘Holmes ([4] p. 110) have described such a case of 
lesion of the second cervical segment, the highest point that can 
possibly be affected within the limits of the spinal cord. .The patient 
was at first paralysed in the right arm and leg; but this passed off, 
leaving him capable of every movement, though somewhat weaker in 
the right hand than in the left. When he came under observation 
two years later, the deep reflexes in the right arm and leg were 
exaggerated and the right plantar gave an upward response. Motion 
and reflexes were completely unaffected on the left half of the body, 
` and it is obvious that the lesion must.have occupied the right half of 
the spinal cord only.. 

As is usual in such ganes pain, heat and cold were not appre- 
ciated over the whole of the opposite half of the body. All forms of 
tactile sensibility were however completely preserved, the position of 
any part of the leff'upper or lower extremity could be recognized with 
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ease and passive movements were appreciated within normal limits. 
The compass-points could be accurately distinguished and topical 
localization was perfect. 

When, however, we turn to the condition on the right half of the 
body, the side of the lesion, the condition was almost the exact 


‘ opposite. Sensibility to touch, pain, heat and cold was perfectly 


preserved, but the patient was unable to recognize the posture of his 
right arm and leg, and could neither name nor imitate correctly the 
positions into which they had been placed. The compass-points could 
not be distinguished on the right palm, even at a distance of 6 cm. 
from one another. All power of recognizing size, shape and form in 
three dimensions was lost in the right hand, in spite of the fact that 
tactile sensibility was perfectly preserved. When some common object, 
such as a key, a coin, or a pencil, was placed in his right hand he was 


„unable to say what it was. He could not estimate weight, nor recog- 


nize the relative hardness or softness of things held in the right hand. 

In this case the power of appreciating relations in two- and in three- 
dimensional space “was grossly disturbed on the right half of the body, 
whilst “spot-finding,” or one-dimensional localization, remained un- 
affected. , Within the limits of the spinal cord, this faculty is still 
linked up with impulses ‘underlying the qualitative aspects of sensation 
which finally cross to the opposite half of the spinal cord. But those 
responsible for postural recognition and the discrimination of two 
contacts remain uncrossed ‘in the posterior columins, throughout the 
whole of their course within the spinal cord. 

Now it is obvious that these columns consist mainly of projections 
from the peripheral nervous system. No synaptic junction. guards 
their entrance and none of their. exogenous fibres cross to the opposite 


‘side, as is the case with every secondary sensory path. They are not 


specific tracts and, from the functional aspect, do not belong to the 
intramedullary system. Every afferent impulse, which enters the 
spinal cord, travels for a longer or shorter distance in the posterior 
columns. . Some, like those capable of exciting sensations of pain, of 
heat or of cold, are rapidly combined and pass away into specific tracts 
on the opposite half of the spinal cord: and brain-stem;, they run, 
without further interruption, ‘to end in the receptive centre of the optic 
thalamus. Others, like those concerned with sensations of contact, seem 
to follow a-double path. Finally, however, of all the afferent impulses, 
which entered some distant segment of the spinal cord, none remain in 
the posterior columns, extept those which underlie recognition of © 


‘82 ORIGINAL ARTICLES AND OLINICAL CASES 


changes in two- and three-dimensional space. At the extreme upward 
termination of the spinal cord, these pass into the posterior column 
’ nuclei and cross to the opposite half of the nervous system. Up to this 
point, they have remained impulses of the primary level, which happen 
to have formed more or less qualitative groups in consequence of the 
gradual passing away of their peripheral companions; in the posterior - 
column nuclei, however, they undergo their first re-grouping and travel 
on in specific sensory tracts ([8] p. 636). 

Above the posterior colamn nuclei, impulses underlying the appre- à 
ciation of posture and passive movement. become separated from 
those concerned with tactile discrimination. These two aspects of 
spacial sensibility may be completely dissociated. Head and Holmes 

([4] p. 120) described a case of a lesion in the brain-stem where 
recognition of passive movement was disturbed in the hand of the 
opposite side, whilst the compass-test gave identical results on the two 
halves of the body ; the appreciation of size, shape and form in three — 
dimensions was entirely unaffected. 

_ All afferent impulses, which reach the optic thalamus, pass AEA 
the. receptive portion of this organ on their way tọ their final sensory 
centres. But by the time they reach this junction in the nervous 
system, they have become arranged into physiologically specific groups; ° 
those associated with sensations of touch, of pain, of heat and of cold 
run in specific tracts to terminate in separate thalamic end-stations. 

. Such a mechanical arrangement is eminently comprehensible ; for 
each of these categories corresponds to some aspect of sensation, which 
can be'discovered by introspection. But our account of the arrange- 
ment and course of the impulses, which are concerned with spacial 
recognition, must seem entirely unreasonable to the a priori psychologist. 
As soon, however, as our conclusions are looked: at physiologically, all 
difficulty disappears; for the method by which such impulses are 
integrated, on the physiological level, is admirably adapted to ensure 
the.part which they must finally play in sensation. 

An appreciation of the sensory aspect of movement in three-dimen- 
sional space depends on impulses arising in the deep afferent system, 
whilst the faculty of discriminating two or more points of contact on 
a flat surface is associated with the integrity of end-organs in the skin. 
The fibres of these two peripheral mechanisms are continued central- 
wards in the posterior columns of the spinal cord., These tracts are 
not, functionally, a portion of the central nervous system, as far as their 
“exogenous fibres are concerned, and the impulses underlying spacial 
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appreciation travel independently along each of the central projections 
of the two peripheral mechanisms in which they arose. They meet their 
first sensory synaptic junction in the cells of the posterior column 
nuclei. Here an opportunist anatomical arrangement becomes con- 
verted into a definite functional dissociation and, from this point 
onwards, each group of impulses travels in-a separate specific tract. 

Meanwhile, however, the long association of “ spot-finding”’ with 
contact sensibility is also broken ; one-dimensional localization becomes 
separated from the power of recognizing touch and pressure. 

It is easy to see how this intimate connection, between the impulses 
- underlying recognition of contact and of its point of impact, came about 
on the primary level. They arise simultaneously from the action of 
almost every external stimulus on the same two peripheral systems ; 
the tactile aspect of pressure, and the power of appreciating the spot to 
which it is applied, are a function of the deep afferent mechanism, 
whilst recognition of the finer degrees of touch and their accurate 
localization depend on impulses from the epicritic system on the 
surface Of the body. First of all, integration must weld the physical 
substrata of these two aspects of contact sensibility and localization 
into one coherent physiological group. This occurs in the secondary 
paths of the spinal cord and brain-stem. But, when we consider 
sensation from the psychical point of view, its spacial relations are 
indivisible; localization forms an inseparable part of our appreciation 
of space. “The impulses upon which it depends must, therefore, 
become detached from those underlying sensations of contact, in 
order that they may be combined into one coherent spacial group. 
Finally, all those impulses potentially capable of revealing spacial 
relations impinge upon the appropriate centre in the cortex of the 
brain,.to give birth to those processes which immediately underlie 
the sensory aspects of space. ‘This is an example of the rule, that 
‘the arrangement of the peripheral nervous system depends on struc: 
tural and developmental conditions; that of the intramedullary level 
is essentially functional or, physiological, whilst the final processes, 
which underlie sensation,’ are grouped according to categories that 
can be discovered by a a 


§ 5.—Sensory and Noiaiaiar y Afferent Impulses. 


When a tract degenerates in ‘@ centripetal direction, it probably 
conducts afferent impulses, but it is not, therefore, of ‘necessity sensory 
.in function. Some afferent impulses are-destined never to affect con- 
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sciousness, whilst others may or may not form the basis of a-sensation, | 
according to circumstances. This distinction has not been sufficiently 
emphasized, but is the key to many otherwise inexplicable arrangements 
in the central nervous system. 

Thus, the posterior columns of the spinal cord conduct, amongst 
other impulses, those from the deep structures such as joints, tendons 
and muscles; on these depends our ability to recognize the position of 
the body in space. But, apart from this conscious recognition of 
posture, it is of supreme importance that the great centres for the 
maintenance of posture and bodily tone should receive afferent impres- 
sions from the joints. Impulses underlying deep sensibility, therefore, - 
‘ act upon the cerebellum and its allied: centres, and in so doing remain 

for ever outside consciousness. ` 

The afferent stream from deep structures, passing up the “posterior 
column of the spinal cord; can affect two terminal centres. One of 
these is the cortex, with consequent recognition of posture and move- 
ment; the other, the cerebellar system, regulates and controls the 
postural and tonic aspects of muscular activity without in any “way 
exciting consciousness directly. We know that some part of our „body 
has assumed a certain position, or that a definite movement is taking 
place under ,the influence of the will; but the preliminary co-ordination 
of muscle-groups and shifting of tonic innervation, necessary for such 
changes, are carried on, without the accompaniment of any conscious 
process. s 

This is shown by the complete absence of sensory disturbance in 
uncomplicated lesions of one half of the cerebellum. Motion is gravely 
affected; the patient is unable to make rapid rotatory movements, or to 
touch his nose readily with the affected hand, He may titubate, or 
deviate grossly, when attempting to walk round a table.and be unable 
to stand on the affected leg, even when his eyes remain open. , And 
‘yet the closest examination fails to reveal any want of recognition 
of posture, or passive movement, loss of vibratory sensibility, or other 

analogous defect. 

Holmes ([9] p. 512) has given a striking example of the difference ` 
in this respect, produced by lesions of the cerebellum and of the 
cerebral cortex, and has incidentally exposed a fallacy in the -deduc- 
tions of other observers. He showed that, if a patient with a unilateral 
‘lesion of the cerebellum was told to compare two identical weights 
placed simultaneously one in-each hand, the weight on the affected side 
was thought to be the heavier. Even when they differed from one, 
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‘another by one quarter (200 to 150 grm.), the lighter weight might 
seem to be heavier on the same side as the lesion. But this defect is not 
primarily one of sensation, for, if the same two weights were placed 
one after another on the affected hand, they were uniformly estimated 
correctly. When the patient was compelled to compare one weight, 
supported by a limb whose movements were inco-ordinate, with an 
identical or even heavier weight on the normal hand, he tended to 
overestimate the one on the affected side. But, if he was allowed to use 
the same defective mechanism to weigh both objects, he was able to 
gauge their-relation as accurately as on the normal palm. 

I can fully confirm these observations from experiments made upon 
a patient under my care with injury to one half of the cerebellum. 
Equal weights: placed simultaneously in the two palms were invariably 
said to be heavier on the affected side. It was not until the relation 
became that of 100 to 40 grm., that he thought the two weights were 
equal. But, if they were placed one after the other on the affected palm, 
he had no difficulty in giving uniformly correct answers, even when 
they differed so little as 100 grm.-and 80 grm. This was also the 
limit of his appreciation on the normal hand, and many healthy persons 
cannot even reach this standard of accuracy. The following experi- 
ment shows how completely the original failure to estimate weights, 
placed simultaneously on the two hands, was due to a disturbance of 
movement in the affected limb. When the two hands were completely 
supported and weights were placed one in each palm, he had no 
difficulty in recognizing their. identity, or the difference between 100 
and 80 grm., provided he made no movement. That is to say, he 
could estimate correctly the relative pressure of the two weights, 
‘provided the muscles were at complete rest; but as soon as the hands 
were lifted, this perfect recognition was disturbed by the inco-ordinate 
movements in the limb on the side of the lesion, and he thought the 
weight on the affected hand was the heavier. 

Throughout their passage within the posterior columns of the 
spinel cord, impulses concerned with the regulation of posture and 
movement are given off into direct cerebellar paths on the same side 
of the body. This is probably a reason why such afferent products 
of deep sensibility remain uncrossed, until theyreach the nuclei of these 
columns at the termination of the spinal cord. By this time they have 
given off most of.the impulses destined to influence unconscious postural 
activities, and the remainder become recombined. and cross rapidly into 
secondary tracts of the brain-stem, to underlie conscious recognition of 
posture and movement. 
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Apart, however, from their unconscious effect in co-ordinating 
voluntary movement, these postural afferents exercise a profound 
influence on the character of spinal reflexes. "When the cord has been 
gravely injured and the conditions are favourable to the return of 
activity in its severed portion, the response to stimulation sometimes 
assumes a massive and diffuse character. (Head and Riddoch [5]). 
The lower extremity becomes flexed, the abdominal muscles contract, 
bladder and rectum are thrown into activity and the patient may sweat 
over those parts of his body, which are innervated from below the lesion. 
Whatever the position of the limbs or the site of the stimulus, the 
answer is of the same character, widespread and uncontrolled. In 
order that this mode of reaction may appear, the mechanism for postural 
co-ordination must have undergone such gross injury, that no efferent 
impulses from the mid-brain centres can pass through the damaged 
region. Consciousness appears to play no essential part in determining 
‘ whether it shall appear or not; for the patient may be insensitive to-all 
forms of stimulation, however intense, and may be unable to appreciate 
the posture and movements of the lower extremities, and yet this 
massive response be absent. 

It is to these unconscious postural arid spacial impulses that we owe 
the adaptation of spinal reflexes to the site of the stimulus and the 
position of the imb. They act upon centres of the mid-brain and pons, 
and so control the reflex motor activity of the cord through proprio- 
spinal paths and centres. So long as this mechanism is intact, the great 
postural centres can dominate spinal reflexes. The answer to stimula- 
tion ig endowed with local and postural signature. Not only the nature 
of the stimulus but its superficial extent and the position of the limb 
determine the character of the motor response. j 

In addition to these afferent impulses which never reach conscious- 
ness, there are a number of others which do not normally excite 
sensation. Thus, many impulses from the viscera produce an appropriate 
reflex action, without primarily affecting consciousness. When, in the 
course of some experiments on visceral sensibility, I passed warm water 
_ into the gut through a colostomy opening, the patient complained that 
he wanted to defecate ; a reflex peristalsis was set up, of which he was 
conscious, although he failed completely to recognize the stimulus by 
which it had been evoked. Most of the afferent impulses from the 
stomach and intestines probably belong to this order. 

But many impulses capable of forming the basis of a servation. are 
prevented under normal conditions from reaching the highest centres; 
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or, if their forward path is not completely barred, they pass on in a 
profoundly modified form, in consequence of the concurrent activity of 
other sensory end-organs.* The utility of this arrangement is obvious, 
especially in the case of those impulses which underlie discomfort or 
pain. Temperatures of from 40° to abont 45° C. normally produce a 
pleasurable sensation of warmth; but, in the absence of the heat-spots 
and the epicritic thermal rmhechanism, such temperatures cause pain. 
This is well seen in the experiment on ‘the glans penis, where a 
temperature which was exquisitely disagreeable became pleasant as 
soon as the warm water reached the area supplied -with heat-spots. 

It is obvious, therefore, that any temperature between 40° and 45° C. 
is an adequate stimulus to the pain-spots. Every time the hands are 
dipped into water between these degrees, innumerable impulses are 
evoked which are potentially painful. But they are prevented from 
affecting consciousness by the coincident excitation of the sensory heat- 
mechanism in the skin; for a sensation of pleasant warmth is in- 
compatible with the co-existence of pain. 

As the temperature rises, these potentially painful impulses i increase f 
in strength, until they can no longer be inhibited ; they then form the 
basis of a sensation of pain. Here, consciousness is not disturbed until 
impulses are produced, not only in themselves of sufficient strength to 
evoke a sensation, but able to overcome the inhibitory effect due to 
. the activity of other specific end-organs. 

In a similar way, the return’ of epicritic sensibility reduces the 
amount of pain caused by cutaneous stimuli, without at the same time 
raising the threshold. Radiation and reference are inhibited and the 
pain produced by a prick is restricted to the immediate neighbourhood 
of the spot stimulated. This diminution in extent reduces the amount 
of pain suffered by the patient, although the measured threshold for 
painful sensations may be actually lower than during the precening 
protopathic stage. 

Pain is the oldest defensive reaction, and potentially pathtal stimuli 
are the basis of all primitive reflexes. It is therefore most important ` 
that potentially painful inipulses should be diminished in extent, or 
-actually inhibited in favour of those sensory impressions more capable 

_ of leading to discrimination. The mechanism underlying the production 
of pain must however remain in full physiological activity, so that it- 
may play its part in defence of the organism, when noxious stimuli 
reach a high rade of intensity. 

Thus, we have been able to show that the emistenes of non-sensory 
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afferent impulses plays an important part in determining the mechanical ` 
co-ordination of voluntary action and are also of paramount importance 
in the production of spinal reflexes. Moreover, the evolution of the 
more discriminative functions of sensibility is largely bound up with 
the control of afferent impulses, which, if they affected consciousness, 
would evoke ‘sensations of pain and feelings of discomfort. 


§, 6.—Feeling-Tone and the Optic Thalamus. 


Anatomically, the optic thalamus is one of the most intricate regions 
of the central nervous system ; and, since most pathological conditions 
in this situation do not produce selective destruction, the clinical picture 
presented by & thalamic lesion is usually extremely complex. But, by 
a suitable choice of illustrative cases and by analysis of the symptoms 
they present, it is not difficult to discover the part played by this organ 
in sehsation. For first of all, itis an end-station for all sensory afferent 
impulses, whence they start on two main lines to culminate in centres, 
which, subserve two diametrically opposed aspects of sensation. 

I shall not enter into the complexities of a case of thalamic disease ; 
these are fully dealt with in the paper by Head and Holmes [4], where 
many illustrative examples are given. My business here is to show 
the fate of those afferent impulses, ultimately destined to excite the 
activity of the cerebral cortex and so endow sensation with certain 
specific qualities, dependent for their existence on this centre. But it is. 
necessary first to- consider how the .optic thalamus influences the 
general stream of ss le which travel onwards from its receptive | 


‘, end-station. 


Above this junction in the nervous system, afferent impulses have 
the opportunity of affécting two sensory centres: on the one hand, the’ 
essential organ of the optic thalamus, distinct from its receptive 
mechanism, and on the other the cerebral cortex. This essential organ 
of the thalamus is the centre of “awareness ” for certain aspects of 
sensation. It responds to all stimuli capable of producing sensations of 
“a change in state. Thus, contact, especially movement across the 
surface of the body, arouses in the patient’s ‘mind recognition that 
something is happening, although he maysbe unable to appreciate the. 
quality or situation-of the stimulus. The thalamic centre reacts to the 
_, affective aspect of sensibility ; when the patient exclaims, “ Something 
is happening to me, I am being hurt,” instead of, “ You are sticking a pin, 
into me,” he is emphasizing the consequences of -such thalamic appeal. 

The essential organ of the optic thalamus is the centre for this 
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aspect of sensation ‘and responds to all stimuli capable of evoking 
either pleasure or discomfort. The feeling-tone of somatic or visceral 
sensations is the ‘product of thalamic activity, and the greater the 
affective reaction to‘any stimulus the more certain is its thalamic 
appeal. Conversely, the more entirely any aspect of sensibility depends 
upon discrimination, as for instance the recognition of spacial relations, 
the less does it call upon the activity of the optic thalamus. 

The sensory impulses evoked by a glass of hot water, held in my 
hand, influence my consciousness through these two centres. Recog- 
nition of contact, the sensation of heat and the pleasure or discomfort 
it gives me, according to the degree of temperature, are the product of 
thalamic activity, whilst the roundness, size and weight of the contain- 
ing vessel, together with my power of appreciating the posture of the 
hand in which it lies, are the cortical aspect of the resultant general 
sensation. 

During the passage cag the secondary tracts of the central 
nervous system, sensory impulses undergo integration into groups of 
similar physiological significance. By the time they leave the receptive 
organ of the optic Thalamus; this recombination on functional lines is 
complete, and, from this point onwards, sensory impulses travel in, 
seven separable streams, each of which may be interrupted imdependensly 
of the other. 

The grouping at this level is ‘still strictly physiological; each set of 
impulses arising from a certain aspect of peripheral stimulation still 
carries with it, not only the power of evoking g specific sensation, but — 
also the capacity of endowing it with the appropriate feeling-tone. 
From the thalamic junction onwards, these physiological combinations 
have the opportunity of acting on two terminal centres. They can 
excite the essential organ of the optic thalamus, which is associated 
mainly with the affective side of sensation, or the so-called “sensory 
cortex,” the centre for its more discriminative aspects. Each of these 
- two end-stations reacts to the afferent quality to which it is attuned, 
and refuses to respond to those with which it is not in harmony. 

How this selective reaction works in practice will be evident, if 
we consider in detail the constituents of each of these seven afferent 
streams. 

(a) Tactile elements: This group contains all those impuises evoked 
by every form of contact, superficial and deep; they form a graduated _ 
scale from the lightest touch to the heaviest pressure, and include the 


physiological effects of moving rough objects across the surface, of 
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stimulating. the hairs, and of all manipulations which ‘cause tingling and 
_ itching. - _ 

Now it is obvious that these impulses-must make a double appeal. 
Sudden contact with some hard body, a rough object dragged across 
the skin, brushing the hairs and tickling stimuli are all sufficient to 
excite the thalamic-centre; the sensaticns they evoke are heavily 
charged with feeling-tone. But a fine appreciation of the different 
degrees of tactile stimuli, or of the pressure of various weights placed — 
on the fully supported hand, makes an appeal to the discriminative 
aspect of sensibility with which the optic thalamus has no concern. 

b) Painful elements: Here we find a condition the exact converse 
to that just, described for the tactile elements. All painful or un- 
comfortable stimuli appeal mainly to the thalamic centre and, slightly 
if at all, to that in the cortex. But it is necessary at the outset to 
distinguish clearly between “discomfort” and “pain.” Pain is æ 
distinct sensory quality equivalent to heat and cold, and its intensity 
can be roughly graded according to the force expended in stimulation.: 
Discomfort, on, the other hand, is that fealing-tone which is directly 
opposed to pleasure. It may’accompany sensations not in themselves 
essentially painful, as for instance that produced by tickling the sole 
of the foot: The reaction produced by repeated pricking contains both 
these elements; for it evokes that sensory quality known as pain, 
accompanied: by a -disagreeable feeling-tone, which we have called 
discomfort. On the other hand, excessive pressure, except when 
applied directly over some nerve trunk, tends to excite more discomfort 
than pain, and makes a more exclusively thalamic appeal. 

.The secondary tracts in the spinal cord, devoted to the painful 
aspects of sensibility, conduct: all impulses, capable of arousing pain or 
discomfort, in: connection with injuries to the superficial or deep parts 
-of the body. But even before the. fillet actually terminates in the optic 
thalamus, the more disagreeable stimuli, such as excessive pressure, can 
influence consciousness, though the affected parts are totally insensitive 
to the pain of pricking or burning. This is evidently the first indica- 
tion of the ultimate action of’ all painful and uncomfortable stimuli 
on the affective centre in the optic thalamus. But, although the appeal 
of all such aspects of sensibility is overwhelmingly thalamic, it must 
not be forgotten that pain can be roughly’ graded according to ‘the 
intensity of the stimulus; in so far, it is the product of cortical activity. 
How small is this element in most disagreeable stimuli is shown by the ` 
extreme difficulty in devising graduated ae tests; which are aes 

_ of giving measurable results. 
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(c) and (d) Thermal elements (heat and cold): The impulses under- 
lying sensations of heat and cold travel up to the spinal cord and brain- 
stem in specific tracts, and still remain separable above the level of the 
' thalamic junction. Each of these afferent groups can exert a profound 
influence, both on the essential organ of-the optic thalamus and on.the 
sensory cortex. Cold is almost universally uncomfortable, but heat 
may excite either ‘pleasure or discomfort, according to the temperature 
of the stimulus; feeling-tone is always an a ea characteristic of 
thermal sensations. i 

But, apart from the affective aspect, we believe that the optic 
thalamus forms the physiological end-station for those activities which 
underlie the qualitative appreciation of thermal stimuli. A patient, in 
whom the sensory cortex has been thrown out of action, may recog- 
nize heat and cold correctly, although heis unable to appreciate the 
relation between two hot or cold objects: Crude sensations of heat 

,and of cold are functions of the activity of the Seo organ of the 
optic thalamus. 

On the other hand, finer Heenan of thermal stimuli is a 
function of the cortex. The normal human being can distinguish 
different degrees of temperature with considerable accuracy, although 
they do not differ in quality from one another. Both 36° C. and 
42° C. are said to be “warm,” when applied to a sensitive: part, 
such as the palm of the hand, but there can be no doubt that the 
latter is the warmer. This power of discriminating between two : 
stimuli of the same sensory quality becomes less accurate the nearer 
they approach to the extremes of heat or of cold; for, at the two ends 
of the scale, the reaction tends to approximate to the “all or nothing ” 
response, so characteristic of the activity of the heat- and cold-spots. 
` Thus, the optic thalamus forms the physiological end-station for 
those aspects of thermal sensibility concerned with feeling-tone and 
crude qualitative appreciation of heat and cold. The sensory cortex, 
on the other hand, is responsible for the faculty of discriminating 

' quantitative differences in intensity. 

(e) (f) and (g) Spacial elements.—Above the level of the posterior. 
column nuclei, impulses concerned with the three aspects of spacial, 
recognition run in three separate streams, apart from those associated 
with sensations of touch and pressure. There is no ‘evidence to show 
that these groups make any thalamic appeal. They are associated 
with purely discriminative processes, such as the power of appreciat- 
ing posture, recognition of two or more simultaneous contacts and 
localization of the stimulated spot. 
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On the integrity. of each of these afferent groups depends thé faculty 
of responding accurately to some more complex test. Thus, the group 
concerned with relations in three-dimensional space is not only 
responsible fór our recognition of posture and passive movement, but 
also, at this level, endows us with the power of estimating correctly the 
difference between two weights placed on the unsupported hand one 
after the other. The act of “weighing” an object in the palm is a 
function of this stream of impulses. ' 

In the same way, appreciation of the relative size and shape of flat 


objects depends on the same afferent group as the power of discrimi- 


nating the two points of the compasses applied simultaneously. | 
Thus, in conclusion, we have been able to show that afferent 

impulses pass on from the receptive centre in the optic thalamus in 

seven separable streams. Each of these acts upon one or both of the 


_, terminal physiological ‘centres. At the one pole, stand the effects 


produced by painful stimuli, which profoundly affect the essential 
organ of. the optic thalamus, but-have little influence on cortical 
activity; ab the other extreme we find the physiological substrata of 
spacial recognition, which appeal exclusively to the sensory cortex. 


§ 7.—Discrimination and the Cortex Cerebrt. 


The paths „between the' termination of the fillet in the optic 
thalamus and the essential thalamic centre lie in the body of this organ 
and cannot be completely interrupted without producing some destruc- 
tion of incoming sensory impulses or injury to the centre itself. But 
the paths from the receptive end-station in the optic thalamus to the - 
cortex pass by way of the internal capsule and the radiating fibres of 
the centrum ovale. These tracts are frequently interrupted by disease, 
and it is therefore possible to determine’ the nature and grouping of the 
sensory impulses, which they conduct to the cortical centres, 

Lesions of these subcortical paths show that we are still dealing 
with physiological processes destined to excite those.central activities 
which underlie the cortical aspects of sensetion; the defects of sensi- 
bility are evidently due to the fact that certain afferent elements fail, to 
reach the intact centres of the ¢ortex. 

We have described, in the previous section, the groups of afferent 
impulses which pass away from the terminal receptive mechanism in 
the optic thalamus to influence, on the one hand, its essential centre, 
and on the other the sensory cortex. Subcortical lesions reveal the 
same streams, differing only inthe fact that they have shed all those 
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elements capable of exciting thalamic activity. Thus, as before, each 
of the three groups of spacial elements seems to run independently of 
the others, and can be affected separately. Moreover, a loss of power to 
recognize posture and movement still carries with it inability to com- 
pare the weight of the two objects, placed successively on the un- 
supported hand, and defective discrimination of the compass-points is 
associated with want of appreciation of relative size and shape in two 
_ dimensions. 

At this level of the nervous system, an interference with tactile 
impulses does not prevent the patient from recognizing contact or 
roughness. But it disturbs appreciation of the relative intensity of 
graduated tactile stimuli and of increase or diminution in weights 
placed on the fully supported hand. 

Any disturbance that may be present in thermal sensibility is 
‘shown by defective recognition of the relation between temperatures 
of the same quality. The patient can still distinguish heat and cold, 
but cannot be certain if one warm object is warmer or cooler than 
another. At the same time, the neutral portion of the scale, where 
the stimulus seems neither hot nor cold, may be considerably enlarged. 
That is to say, any actual loss of sensation is found amongst those 
temperatures, which must be compared to be approaeree and are most 
susceptible to sensory adaptation. 

Such are the materials out of which the cortex ‘ani aaises those 
physiological processes, which underlie certain specific aspects of sen- 
sation. When, however, we examine the sensory effects produced by a 
lesion of the cortex, we are no longer confronted with a gross physio- 
logical defect, but with ,what appears to be a want of attention; the 
patient seems to be untrustworthy. Sometimes he eppreciates a touch, 
sometimes even a stronger stimulus fails to evoke an answer; he 
knows that the object in contact with the affected part is warm, but 
cannot tell whether it is hotter or colder than one he has previously 
held in his hand. Sensation is not abolished, but his answers are 
confused ; and yet on further examination they are found to be unsatis- 
factory only in so far as they concern the affected part. Elsewhere, he 
may give results which in accuracy are up to or even Aboye the 
normal average. 

Analysis of this apparent M E EE of the affected part 
shows that it depends upon three main factors. First of all, the 
answers given by the patient are inconstant; at one moment he' seems 
to appreciate a stimulus of a certain intensity, at the next it remains 
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entirely without effect upon his consciousness. Thus, it may be 
‘necessary greatly to increase the stimulus before a series of correct 
answers can be obtained, and not infrequently even then no regular 
response can be evoked. In such a case, we cannot work out a 
threshold, not because the patient never appreciates the stimulus, but 
because at every intensity if sometimes causes a sensation and some- 
times passes unnoticed. 

` Secondly, a cortical lesion tends to destroy the power of appreciating : 
the difference between two objects which have certain basic sensory 
qualities incommon. Thus, the patient may no longer be able to tell 
which of two weights is the heavier, although they are of the ‘same 
shape and cover an identical surface. He may also lose the power of 
recognizing the relative size and form of objects and, although he can 
tell whether a fabric is rough or smooth, he may no longer be able to 
distinguish flannel from silk. 

Thirdly, the cortex is responsible for the spacial aspects of sensa- 
tion and one of the most frequent consequences of a lesion in this 
situation is inability to recognize correctly the posture of the affected 
parts of the body; this is often accompanied by a more or less defective 
discrimination’ of the compass-points and some want of power to, 
determine the situation of the spot touched. But these changes in 
sensibility are curiously uncertain. A varying reaction to constant 
stimuli, hallucinations, and wrong answers of all kinds mar the 
measured records to an extent not usually present when the lesion 
lies at lower levels of the nervous system. 

The cortex is the repository of past impressions and these sensory 
dispositions profoundly modify the effect produced on the arrival of 
fresh impulses. As far as the spacial aspect of sensibility is concerned, 
a disturbance of these sensory dispositions would be responsible for just 
that. uncertainty of recognition of three-, two- and one-dimensional 
relationships, which actually follows a cortical lesion. For it would be 
impossible to discover the position of any part of the body, unless the 
immediate postural impressions were related to something that had 
preceded them... A direct perception of posture, analogous to that of 
roughness, cannot occur; in évery case, the new position of the limb is . 
related to some previous posture. 

We have been able to show that the standard against which a 
change in posture is.estimated is not. an image either visual or motor ; 
it lies outside consciousness. Every recognizable change in posture 
enters’ consciousness already charged with its relation to OO ig 
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which has gone before, and the final product is directly perceived as a 
measured postural change. For this combined standard, against which 
all subsequent changes in posture are estimated, before’ they enter 
consciousness, we have proposed the word “schema.” Man perpetually 
builds up a model of ‘himself, which constantly changes. Every new 
posture or movement is recorded on this plastic schema and the 
activity of the cortex brings every fresh group of sensations -evoked by 
altered posture: into relation with it.’ Immediate postural recognition 
follows as soon as this relation is complete. A cortical lesion tends to 
destroy such schemata and so disturbs the certainty of spacial recognition. 

Inconstant recognition, want of appreciation of intensity and 
inability to relate and méasure sensation are the consequences of a 
lesion in certain portions of the cortex. . Attention can no longer move 
with freedom and certainty over the objects presented to it, so far as 
they arise in consciousness connected with sensory processes from the 
affected parts of the body. Obviously then, the consequences of a pure 
cortical lesion produce changes of which the manifestations are essen- 
tially psychical. We are above the level ‘at which the defects in 
sensibility are due to interference with afferent impulses and the dis- 
turbances produced by a cortical lesion are manifested in defective 
attention and discrimination. 4 


CHAPTER T1l.—Tsum METHOD AND AN ILLUSTRATIVE CASE. 
§ 1.—The Method. 


Such were the views we expressed on the activity of the cortex’ in 
the production of sensation. We had determined the manner in which 
the affected parts of the body reacted to a series Of sensory tests, and 
were anxious to’ demonstrate the general afferent functions of the 
cortex, unhampered by an analysis of dissociated sensibility or questions 
of anatomical localization. 

But it is obvious that our tests were empirical, and, though each 
was selected to explore some special aspect of sensibility, we were not 
justified in correlating the numerical results yielded by one test with 
those of another. Even the three methods we used for estimating 
defects in spacial recognition could not be directly compared. Suppose, 
for example, that passive movements of less than 30° in extent were 
not appreciated, and the compass-points could not be’ discriminated 
‘until’ they were separated by a distance of 3 cm.; how can we say 
which of these two aspects of spacial sensibility was disturbed to a 
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greater degree? “Both were obyiously defective, but we cannot compare 
the relative amount of the affection. l 

Still less can we correlate directly the numerical results of tests 
depending on sensory impulses of a different order, such as those under- 
lying spacial recognition or the appreciation of thermal differences. 
Yet before it is possible to analyse the part played by the cortical 
centres in sensation, it is essential to find some method of correlating 
the amount of sensory loss revealed by each test in turn. 

Now Holmes and I had already seen cases, such as those described 
by Russel and Horsley [14], where the condition of the hand was not 


‘uniform. Some digits showed gross loss of sensation, others were 


normal or but slightly: affected. Not only might the severity of the 
loss differ over each finger, but its character might’ not be thé same 
‘even on neighbouring digits. When, for instance, the little finger 
showed gross loss of recognition of passive movement, of tactile dis* 
crimination and of localization, it by no means followed that all these 
functions were disturbed on the ring-finger. It was obvious that such 
cases gave us the opportunity of determining the forms which sensory 
dissociation might assume when caused by a lesion of the cortex, and 
thus, incidentally, of grouping the main factors in its sensory activity. 

For the more acute and severe the lesion, the wider will be the 
disturbance of function it produces, as far, at any rate, as the sensory 
cortex is concerned. This law holds, not only for sensation in its 
entirety, but also for any one specific aspect of sensibility; thus, in 
any particular case, one form may be disturbed over both, hand and_ 
foot, whilst some other sensory quality is affected on the hand alone. 
Here we should be justified in saying that the more extensive loss 
signified a graver affection of the corresponding aspect of sensation. 

The truth of this law will be abundantly proved by the many 
examples of sensory dissociation, which I shall consider more in detail 
later. But it is obvious that, in-the light of such a hypothesis, cases 
where the various digits,show different sensory dissociations become of 
fundamental scientific interest. Suppose, for instance, that one of the 
spacial aspects of sensibility were affected in four out of the five digits, 
whilst the power of appreciating graduated tactile stimuli was disturbed 
in the little and ring-fingers only, we are justified in assuming that the 
lesion has produced a greater loss of spacial than of tactile appreciation. 
By determining the number of digits, which are shown to be affected 
to each sensory test, we are able to correlate the disturbance of the 
‘various aspects of sensation. 
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Once this relation has been established, the actual results of 
measurement can be roughly calibrated and compared. We may find 
that on one of the digits every form of spacial recognition is grossly 
affected, but on the neighbouring finger the three-, two-, and one- 
dimensional tests give different results. Passive movement may not ` 
be recognized with cértainty, however extensive the range within 
normal limits, whilst the two compass-points can be accurately dis- 
criminated if they are 8 cm. apart; ‘‘spot-finding,’ however, is not 
measurably disturbed, but the patient complains that it is more difficult 
to discover the exact point of contact than over similar parts of.the 
normal hand. Here, then, on the same finger are three grades of loss. 
It is obvious that the three-dimensional test is grossly affected, because 
‘no threshold can be obtained. Discrimination-of two points shows a 
smaller disturbance, for a threshold could be determined, although it 
was raised considerably above the normal. On the contrary, one-dimen- 
sional recognition was not measurably disturbed; but the patient knew 
by introspection that it was more difficult than over undffected parts. 

In civilian practice these cases occur 80 infrequently that it was 
impossible to investigate the problem ‘systematically on these lines. 
But, as a consequence of the War, every neurologist has come across 
patients with injuries of ‘the skull who have complained that one 
part of the hand “feels ditferent” from the other. This may be a 
temporary phase on the road to recovery, or may remain almost 
unaltered for many months or years. I believe that’ these cases give 
-the key to the part played by the cortex in the production of sensation, 
and enable us to guess at the topographical localization of the various 
sensory activities which they. reveal. 

Twenty-one such cases have come under my observation, and I have 
fortunately been able to work them out fully, in spite of the considerable 
expenditure of time necessary in each instance to obtain a complete set 
of ‘records. Aon 

The methods I have used are those set forth in the paper with 
Gordon Holmes [4]. I have employed them systematically, because 
I knew their capacity and the fallacies to which- they were exposed; 
moreover, it seemed better to investigate each of these remarkable 
cases on lines that would-allow of correlation with civilian experience. 


l § 2.—An Illustrative Case. 


It will be well to begin with an account of one of these cases, so that 
the clinical phenomena they exhibit may be clear before we pass on 
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to a more detailed examination of the sensory dissociation in each 
particular instance. 

Oase 17.—Private F. L., aged 29. On February 17, 1915, he was hit 
by a bullet which glanced from a sandbag and struck the left side of his 
head. He walked to the dressing station and was sent on to a field ambulance, 
arriving within three hours from .the time of the wound. He suffered a good 
deal from pain in the head but did not vomit or feel sick. The right atm was 
weak, and, although he knew what he wanted to say, he had difficulty in finding 
words to express his meaning. 

On February 19, he was operated upon by Captain Browne, who made the 
following notes: ‘‘Gunshot wound of head. Exit and entrance wounds over 
left motor area. Wounds joined up and extended. Gutter fracture of outer 
table; much fissuring of inner table; blood clot: dura incised, clot under 
dura with extensive pulping of cerebrum. Right arm, motor paralysis. Right 
facial paralysis and affection of speech. After operation, face and speech 
improved.” . ` 

On March 8, he was transferred to London; his condition was carefully 
worked out by Dr. Fearnsides, who kindly arranged that I should see him. 
After some time spent at a convalescent home, he came under my care at the 
London Hospital in July, 1915. The following account is based upon records 
taken by myself during the first fortnight of that month. 

At that time, four months after the wound, I found him an, extremely 
intelligent, quiet Yorkshireman, who had left school at 12 years of age in the 
sixth standard, and held a second class Army certificate. 

The wound had healed firmly and now consisted of a pulsating depressed 
scar covering a defect in the bone of an irregular diamond shape. This was 
situated 15°5 em. behind the nasion and 1'5 em. to the left of the middle line, 
The area of bony loss measured 85 cm. antero-posteriorly and 4 cm. across at 
the widest part. The nasion-inion measurement was 84°5 cm. and the inter- 
aural line cut it 14°65 om. behind the root of the nose (fig. 17). 

Speech was entirely unaffected. He had not suffered from any form of 
convulsion or seizure. All headaches had disappeared several months before. 

Vision was $ with either eye and the visual ‘fields were normal. The discs 
showed no signs of past or present change. Hearing, smell and taste were 
unaffected. ` 

The pupils reacted normally. Ptosis, nystagmus and ocular paralysis were 
absent. The face, tongue and palate moved well and equally. 

The right wrist-jerk was slightly greater than the left, but both were brisk. 
Kned-jerks,- ankle-jerks and plantar reflexes were absolutely normal. Both 
upper and the left lower abdominal reflexes were brisk; but that from the 
right iliac fossa was defective. Scratching the subumbilical area on the right 
side produced a contraction above the level of the umbilicus only. 

The only defects in motion were to be found in the right hand; with this 
exception, even the movements of the right upper exttemity were performed 
powerfully against resistance and showed no inco-ordination. 
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The grasp of the right hand was fairly strong, but clumsy and considerably 
weaker than that of the left; it did not relax materially when his eyes were 
closed. If his hands were held out in front of him. the fingers were out of 
alignment and, when made to close his eyes, they fell into irregular movements 
of flexion and extension. The contrast between the falling away of the fingers 
and the steadiness of the arm and forearm was exceedingly‘striking. Even 


with the eyes open he could not flex ‘or extend the thumb without coincident 


irregular movements occurring in the fingers, and no isolated movements were 
possible in any of the digits of the right hand. Told to flex the index finger, 
he bent it at once, but at the same time considerable flexion occurred in all 
the other fingers and at the terminal joint of the thumb. When asked to 
straighten the right index, the thumb became extended together with the 
terminal joints of the middle, ring and little fingers, although the metacarpo- 
phalangeal joints continued somewhat flexed. If, however, he was told to 
open all his fingers, he did so rapidly, though the fingers remained out of 
alignment, owing to a diverse “amount of flexion remaining at the metacarpo- 
phalangeal joints. The amount to which the fingers could be extended varied 
greatly from time to time, but the little finger’ was always in the worst 
position. f 

These difficulties in movement were distinctly exaggerated when his eyes 
were closed. No gross increase or decrease of tone could be discovered in the 
fingers or thumb of the right compared with those of the left hand. . 


Sensation. 


His only complaint on the sensory side was that his right hand 
“feels namb”; when he woke at night he knew he had a right hand, 


„but it seemed stiff and dead. 


Measured movement.—No sensory changes could be discovered to 
any of the tests we use, either in the upper extremity above the wrist, 
or in the lower limb. All deviations from the normal, found in this 
case, lay in the right hand and were worked out finger by finger with 
the following result :— l 


Measured movement R, (affected) se +L, (normal) 
Thumb .. we jee 1° oat . oe are be 
Index finger Sets we «BP H010% o. is we 1° to 2° 
Middle finger tie «+ 10° to 20° (gross loss)... eos be 
Ring finger «sy ee = 10° to 20° (gross loss) .. ane h 
Little finger ie ++ 10° to 20° (gross loss)" .. .. 1% to 2° 


In every, case, at least ten observations were made on each digit, 


_ and it is evident that on the normal hand the patient gave a perfect 


series of answers with a movement through an angle of less than 2°. 
But on the right hand, the records from the middle, ring and 
little fingers showed gross defects of appreciation; not only was it 
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necessary for the movement to range through from 10° to 20°, but the 
answers were uncertain and the direction in which the finger had 
been moved was not infrequently misinterpreted. In the case of the 
index finger, thére was no such error or uncertainty, but the threshold 
was raised; a movement through from 5° to 10° was necessary for 
appreciation, whilst on the normal -side flexion or extension of from 
1° to 2° was at once recognized. No difference could ‘be discovered 
between the range of movement necessary for correct appreciation 
in the two thumbs. ~ f 

Vibration of the tuning-fork.—A tuning-fork beating 128 vibra- 
tions per second (C9) was placed on the palmar aspect of the terminal 
phalanx of the right little finger and ‘allowed to remain there until 
the patient said it had ceased. It was then transferred to the similar 
part of the left hand and the vibration was appreciated for from ten to 
fifteen seconds longer. But, when the converse experiment was tried, 
he failed entirely to recognize any vibration in the affected little finger, 
after it had apparently ceased on the normal side. This result was 
recorded as follows :— 


From R. little finger to L. + 15 seo. + 10 sec. 
From L. little finger to R. : + 0 see. + 0 seo. 


In the ring and -middle fingérs the ‘records showed'a less gross loss 
of sensation and in the index finger the loss was so slight as to be just 
perceptible only on the records. 

From R. index finger to L. + 12 sec. + 11 sec. . ae 
‘From L. index finger to R. . + 9 seo. + 8 sec. 

There was no difference between the answers obtained frem the two 

thumbs; evidently the right thumb was not affected to this test. 


Simultaneous compass-test— , 
A R. L. 


Thumb /.. as ' Perfect at 1 om. oe .. | Perfect at 1 cm. 
Index a es Perfect at 1 om. i3 vs Perfect at 1 om. 
Middle wa ar Gross loss at 8 cm. ae P Perfect at 1 cm. ` 
- Ring ae ae Gross loss at 8 om. .. s Perfeot at 1 om. 
Little ae ee Gross loss at 8 cm. 3 ws Perfect at 1 cm. 


To this test the little, ring and middle fingers were affected, whilst 
the index and thumb gave perfect records when the points of the 
compasses were 1 cm. apart. This is tke smallest distance that 
can be safely used in clinical work; if the patient is unusually 
intelligent, it may be possible to obtain’a perfect record at 0'5 cm., 
but such accuracy cannot be expected in the general run of cases. 


~ 
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With regard to the records from the little, ring and middle fingers, 
I have little doubt that the distance between the two points might have 
been considerably increased above 8 cm. without obtaining a threshold ; 
for the patient did not show the slightest power of discrimination. 
But, when they are separated for much over 8 cm., one of the compass- 
points is liable to fall over the basal phalanx, which, in some of these 
cases, may be in a more normal condition than the two terminal ones. 

Localization or “‘ spot-finding.”—There was distinct loss ofthe 
power to localize the spot stimulated, as shown by our modified Henri 
method, which avoids the fallacy of groping. Out of six tests applied 
to the palmar aspect of the right little finger, he made one erroneous 
localization, referring a touch over the middle phalanx to the middle of 
the basal phalanx. Moreover, he showed some hesitation even with 
those stimuli which were correctly localized; this was not the case on . 
the little finger of the normal hand. Elsewhere, even over the affected 
hand, he was astonishingly quick and accurate. Thus we must conclude 
that the power of localizing correctly a single stimulus was somewhat 
disturbed on the right little finger, but was perfect elsewhere. 

‘Measured tactile stimuli (the tactile hairs)—To this test the 
palmar aspect of the thumb, index and middle fingers of both right and 
left hands gave perfect readings with a hair of 21 grm./mm.? But 
over the ring finger of the affected hand this hair was not uniformly 
appreciated and 23 grm./mm.* was required before a perfect record 
could be obtained. That is to say, the threshold was here slightly 
raised. e 
On the right little finger the disturbance of sensibility was of a 
much grosser character, as shown by the following record :— 


R. (affected) . L. (normal) 


21, grm./mm.? iiddiiiiiidiiiii 
Qi grm.jmm?  oiioiiioii:: —oooioo 

98 grm.fmm.? © ooioioii—oii FNI —iii+ii 

35 grm/mm*  oiiiili-iii Ï ~iiiii-i 

70 grm.jmm.t ii di-4ii-irsili-iii 

Q1 grm./mm.? iii: -i:: -oiii-oooi-oooo 

21 grm.jmm.” : iiiiiiiiiiiiiiii 


(An i signifies that he iai to the contact of 6 tactile hair of a strength given 
in the left hand column. An o records an absence of reply, whilst a dotted line represents 
an ‘hallucinatory answer. The horizontal lines correspond to pauses of 5 sec. or more, 
interpolated either after a series of hallucinations, or in order to teat me possibility that the 
previous answers s migbt have been hallucinatory.) 
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Here the threshold was raised to 70 grm./mm.* (With all lighter 
stimuli, hallucinations and gross defects of response-made their 
appearance. 

Temperature.—It is always, extremely difficult in cases of cortical 
lesions to obtain a trustworthy series of temperature records; for a large 
number of observations are necessary, comparing the behaviour of the 
two hands to the same temperature. This is impossible with a stupid. 
patient and fatiguing to oné who is:intelligent, if it forms part of a long 
examination. In this case, therefore, I was satisfied with a careful 
exploration of the condition of the little finger of the right hand 
compared with that of the left. 

For both hands the point at which he ceased to recognize the silver 
tube as cold was 27° C., whilst the threshold for heat was 30° C., the 
external temperature being. 19° C. throughout these observations. 

. He made no mistakes in the relative warmth of silver tubes contain- 
ing water at 35° C. and 45° C. throughout a series of tests on both little 
fingers. 

In fact, were it not that he said, “It is never so clear on the right 
little finger as on the left,” no abnormality could have been detected. 
Here there was evidently a diminution of sensory acuity.so slight that 
it could not be measured, though it was evident to the patient himself. 
This I shall call an “introspective” difference. 

Prick.—There .was no difference between the two hands in the 
. sensitiveness to a measured prick, tested finger by finger, and intro- 
spectively the patient was not aware of any abnormal sensations. * 

Weight.—The best method for testing the power of recognizing 
differences in weight in the five digits is to add and subtract leaden `- 
discs of the same surfacé area, but of different thickness. The hand is 
laid palm upwards on a pillow, in such a way that it is fully supported ; 
a cork disc of negligible weight is laid on the palmar aspect of the 
finger under examination. To this, progressively heavier weights are 
added, and then removed until the cork alone remains on the finger. 
' These weights are not added or removed in unbroken sequence, first 
up the scale and then down, but irregularly, and the ‘patient ee to 
indicate when any change occurs. He is “required to say “on” or 
“off” only, or, if he prefers to do so, may answer “heavier” or “lighter,” 

- He is not allowed to raise the finger from its basis on the pillow so as 
to.‘ weigh ” the test object. 

This test applied to the owe little fingers gave, the following 


records :— 
s 


SENSATION AND THE OEREBRAL CORTEX 103 


Weight added or subtracted R. (affected) L. (normal) 
-+ 20 grm. Y SA No reply 33 ae On 
+ 40 ,, X ea On Fy is On 
~ 40 ,, es ae On is ne Off 
+ 40 ,, E os ms On a .. On 
+ 8 ,, a ws On , ie is On 
- 8 .,, ms No reply es dë ofi 
_+ 8 ,, y“ a Off Di Sai On 
+100 , nae si off ae ass Off 
— 100 ,, ae x No reply Re es Off 
š — 80 ,, as ss No reply es si Off A 
— 40 ,, vi -- _ Noreply we a Off 
~ 20 ,, z : No reply Gee. a ofi 
Asked if any weight He then added 
was on the hand ‘* All gone.” 
% he rephed that it 


was still there 


A similar series of records was obtained from the right ring finger, 
whilst from the right index he gave a perfect series of answers. 
_ Texture —The test object, e.g., a piece of velvet, was passed round 
the top of each digit and then moved from side to side across the 
palmar aspect of the terminal phalanx. With the little finger of the 
left hand he recognized velvet, silk, cotton and flannel without difficulty, 
but failed entirely with the right; to ica he said, “ I don’t know,” or 
“Iye no idea.” 

“With the thumb and with the index ee of a hand he gave 
equally perfect answers. 

The sensory condition of the various digits of the right hand 
revealed by these tests can be summarized in the following table :— 


+ 














Little Ring | Middle | Index Thumb 
; es al l. | i 
Measured move- |. Gross loss Gross logs Gross loss ; 5° to 10° Normal 
ment bi : 

Vibration Gross loss Affected Affected Slight loss | Normal 
Compass-test Gross loss Gross loss Gross logs Normal Normal 
Localization , Uncertain Normal Normal | Normal Normal 
Textile hairs `| Gross loss |Raised threshold; Normal Normal Normal 

, Temperature | Introspective | . Normal — : Normal Normal 
Priok Normal ' Normal — >` Normal Normal. 
Weight Gross loss _ Gross loss — Normal —_ 
, Texture Loss — — | No loss No loss 





ay Fall = 
104 ORIGINAL ARTICLES AND OLINICAL CASES 


CHAPTER IV.—THE FORMS ASSUMED BY DISTURBANCES oF SENSATION 
DUE TO LESIONS OF THE CORTEX. 


§ 1.—Introductory. 


Before we pass on to consider the significance of this regional dissocia- 
tion of sensibility, it will be well to summarize the conclusions which can 
be drawn from the case I have just described. r 

(1) Sensation as a whole may be affected by a,cortical lesion to a 
different ‘degree in the various digits. In this instance, the thumb was 
normal; but there was a steady deterioration in the sensory condition 
` on passing towards the post-axial border .of the hand, culminating i in 
gross loss éver the little finger. 7 

(2) A similar tendency to graduated loss of anabi was shown in 
the records of each individual test. Thus, the patient could appreciate 
passive movement equally well on both thumbs; but a range of 5° to 10° 
was required in the index finger, and gross los3 was evident in the three 
other digits. 

(3) Tests which appeal ie fundamentally different aspects of sensa- 
tion may not be affected over the same number of digits. In the case 
already described, appreciation of passive movement was defective in 
the index, middle, ring and little fingers, whilst the tactile hairs, a 
most’ delicate ‘test, revealed loss of sensibility in the ring and little 
fingers only. -This dissociation, as I shall show later, can go so far 
that one form of sensibility may- be grossly defective whilst another 
may show little or no change. 

(4) Even those tests which belong to the same sensory order may 
not be affected over the same number of digits. Thus, measured move- 
ment, the compass-test and “ spot-finding,” are all methods of explor- 
ing the ‘spacial aspects of sensation. But, in the example I have 
chosen, recognition of movement was disturbed in four digits, tactile 
discrimination in three, and topical localization in one only. 

Before we can draw any general conclusions from the detailed 
examination of these cases of dissociation, it is necessary to consider 
the nature of the sensory tests on which our results are based. None 
of them were invented as a special means of exploring the defects 
produced bya lesion of the cortex, and the majority excite to activity — 
“both the essential organ of the optic thalamus and the cortical centres. 
If we call to mind the various aspects of sensation which depend 
on the physiological activities of ;these two cerebral end-stations, we 
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recognize that, whereas the optic thalamus deals with crude awareness 
to contact, heat, cold and pain, the sensory cortex endows these basic 
functions with spacial qualities, intensity and relativity. 

When we pass in review, according to this conception, the sensory 


'- tests we habitually use, it is evident that recognition of passive move- 


ment, discrimination of two compass-points and our method of testing 
localization appeal to those elements in cortical activity underlying 
recognition of relations in space. Thus, measurement of the angle 
through which.any -part of the limb must be moved, in order that 
such change in posture may be appreciated, is an exploration in three- 
dimensional space. The power of discriminating two points of the 
compasses, applied exactly at’the same moment, reveals the capacity for 
recognizing two-dimensional apace, whilst ‘‘ spot- -finding ” is an exercise 
in one-dimensional localization. 3 

. Further analysis on these lines shows that our methods for examin- 
ing sensibility to touch, temperature and pain can ‘be combined into 
another group from the point of view of the sensory cortex. For, 
‘although the basic response to all these tests is due to the activity of 
. the optic thalamus, the power of recognizing differences of intensity 
in the sensation evoked is a function of the cortex. All the methods 
we use presuppose that an increase in strength of the physical stimulus 
will result in a sensation of greater intensity, in some more or less 
graduated proportion; on this principle depends the determination of 
a threshold, which plays so important a part in all our sensory examina- 
tions. But one of the signs of cortical disturbance is inability to obtain 
a threshold. The answers are uncertain, even to stimuli of the 
same strength applied in an exactly similar manner, and, although a 
response may be evoked, it is not of necessity in proportion to the 
degree of stimulation. 

Of the.remaining tests, weight is the only one > applicable to the 
fingers which can be strictly graduated. As I have applied this test, 
it makes an appeal to another sensory faculty, the power of appreciating 
similarity and difference. At first it might appear to be only another 
means of gauging the recognition of intensity. But, if the methods 
. of using the tactile hairs and graduated weights are compared, we see 
that the measure of tactility is given by the bending strain of the hair 
to which the patient responds; he is touched with one hair and gives 
uncertain answers, whilst a stronger hair may evoke constant recogni- 
tion of a series of contacts. But, in testing with weights, one after 
another is placed on the hand, and he is then asked to say when a 
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difference occurs; sometimes the load is made heavier by addition, 
sonietimes lighter by subtraction. When this test is carelessly carried 
out, the act of removing or replacing a weight may arouse the patient’s 
awareness and he at once responds; but he cannot tell with certainty 

' whether the weight on his hand is lighter or heavier than it was, 
before he received the sensation of “something happening.” We are 
not dealing with his capacity to appreciate a contact of a certain 
intensity, but with his power of recognizing difference. 

Yet, even after we have grouped our tests according,to the particular 
-aspect of cortical sensibility, which they reveal, it is necessary to 
remember that they differ greatly in the severity of the task they 
set to the patient, and in the accuracy of the answers they demand. 
It is far more difficult to recognize a minute range of passive movement 
in ote of the fingers than to indicate, within necessarily wide limits, the 
situation of the spot stimulated. Similarly, a series of perfect answers 
to the contact of graduated hairs requires a more perfect reaction to 
differences in intensity than the onde comparison which. is alone 
possible with a series of pricks. 

For tbe sake of simplicity let. us then select from each group of 
tests the one which gives the widest possible range of measured 
difference. The power of recognizing passive movement may be taken 
as’ the representative of the spacial aspect of sensibility; in the same 
way, the tactile hairs form the best measure for the faculty of 
appreciating graduated differences in intensity, whilst the addition 
and subtraction of weights can be taken as an indication of the ability 
to recognize similarity and difference in stimuli of the same sensory 
quality. ` f , ; 











Case Measured movement. Weights 
No. 18 . 0 Affected {3 digits) +. | Affected (2 digits). 
No. 3 Affected (5 digits)  .. 0 » 8 } 
No, 21 Whole hand affected `.. 0 `’ Defective. 
No, 16 aa 7 aS a 0 Gross loss over whole 
hand. 
‘No, 2 Affeoted (4 digits) .. |O (or ERI -- | Introspective (1 digit), 
No. 19 3 6 n .. | Bhghtly affected (8 Paita 0 
No. 18 w EX aeh -- | Affected (5 digits) ae 0 
No. 22 5 T yy JS .. | Introspective (8 digits).. 0 
No. 14 i {2 ,, ) .. | Threshold raised (2 digits) 0 





‘The cases collected in the above table show that it is possible for 
one or more of these representative tests to remain entirely unaffected, l 
although a profound disturbance of sensation may be revealed by the 
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remainder. Thus, in No. 18, recognition of passive movement was 
not affected in any of the digits in spite of a grave disturbance of ' 
tactility and of the power of responding to differences in weight. 
No. 3 showed no loss of tactile sensibility, and yet there was extensive 
want of appreciation of passive movement and of relative weights. 
No. 22 showed a profound loss to the tests for measured movement 

. and an introspective defect to tactile stimuli, but’ perfectly appreciated 
the addition and subtraction of weights on all the fingers. 

It is, therefore, probable that these three aspects of sensibility are 
due to distinct physiological activities, which are not uniformly dis- 
tributed throughout the so-called sensory cortex; some are more 
intensely represented at one part, some at another. Otherwise it 
would be difficult to understand how one aspect of sensation could be 
gravely disturbed by a cortical lesion, whilst some other form escaped 
entirely; and yet in another case this relation may be completely 
reversed. 

Many attempts have been made to determine the topographical 

» localization of the sensory activities of the cortex, but they have all 
failed, because the nature of its functions was unknown. So long as 
investigators continued to think of the sensory cortex as the -seat of 
processes -underlying the full appreciation of touch, pain, heat, and 
cold, they were bound to find the clinical facts inexplicable. But as 

‘goon as it was evident that crude qualitative appreciation of these 
modes of sensation was due to the activity of the optic thalamus, it 
became possible to study the phenomena of sensory loss with some hope 
of discovering the part played by the cortex. Once we had determined 
that the physiological activity of the cortex was responsible for the 
‘recognition of spacial relations, intensity and relativity, it became 
possible to group the physiological processes which underlie sensation. 
But, before we can formulate any toherent conception of these cortical 
activities, it will be necessary to examine in detail the manner in which 
they are affected, as shown by the various tests belonging to the same 
order of sensation. 


§ 2.—Spacial Recognition. 
Some loss of power to recognize passive movements of the affected 
part forms one of the most frequent consequences of injury to the 
_ sensory cortex. In fact, it may be accepted for clinical purposes as a 
leading sign in the syndrome of cortical disease. It is, however, only 
one of the methods of discovering whether the spacial aspect of sensation 
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is disturbed ; the compass-test and “spot-finding,” as we have employed 
them, are also explorations in spacial recognition. 

But these three tests are not equally affected by a lesion of’ the 
cortex. The most delicate of them and the most susceptible of change . 

‘is the power of appreciating a measured movement made passively. 
Next in order comes discrimination of the two compass-points applied 
strictly simultaneously.’ Finally, topical localization or ‘‘ spot-finding ”’ 
is affected to the smallest degree of all the three spacial tests; for not 
only is it scientifically less precise, but the- problem it presents to the 
patient ig easier than with either of the other methods of research.” 

This graduated relation between the disturbance of . sensibility 
revealed by the three spacial tests, is evident from whatever point of 
view the records are examined. Thus, if the injury is a slight one, the 
‘only loss may be in the power of appreciating passive movement. 
A somewhat more severe disturbance affects discrimination of the 
compass-points, and finally “ spot-finding ” may also be defective. 

The same law is manifest if we judge, not by the frequency with 
which any one of these three aspects of spacial recognition is affected - 
over a series of cases, but by the number of digits which show disordered 
sensibility to each test in turn. Three-dimensional loss (appreciation 
of measured movement) occupies the largest number of fingers, two- 
dimensional loss is found to extend either to the same or to a smaller 
number of digits, and localization is disturbed over a still Jess extensive 
area. i 

I have summarized in the following table the records of twelve 
cases where spacial recognition was not uniformly disturbed over the 
whole hand. The numerals correspond to the number, of digits found 
to be affected: to each of the three tests. It is at once obvious that 
the widest loss of sensibility is shown by the range of passive move- 
ment necessary to excite appreciation, whilst the power of discovering 
the position of the stimulated spot is least extensively affected. 


‘1 The compass-test cannot be used to measure the power of discriminating two contacts 
in cases where tactile sensibility is grossly disturbed. It presupposes that the patient is 
capable of recognizing touches with some approach to uniformity. Throughout this chapter 
I bave osrefully excluded this source of error, but have postponed its more detailed 

“consideration to p. 126. , ae ‘ 

2 Our method of testang the power of topical localization also depends somewhat on the 
-condition of thotile sensibility. This association has baen fully investigated and described 
.by Graham Brown and Stewart [1], and is considered on p. -129, 
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- Case A | Measured movement i Compess-test Locahzation 
No. 10 5 z 4 + 1 introspective 8 

No. 22 5 4 + 1 introspective 2° 
No. 4 5 4+1 introspective 2 

No: F 6 1 

o. 5 2+1 EE 1 + 1 introspective 

No. 8 4 + lintrospeotive H 2 : + 2 E 
No. 7 5 1 -£ 1 slightly 0 

No. 1 5 2 0 

No. 17 4 i 8 1 

No. 2 4 1 0 

No. 12 3 2 . 0 

No. 14 2 ' 2 0 








.This graduated relation between the amount and the extent of the 
‘loss discovered. by the three spacial tests comes ‘out clearly in the 
following example (No. 3). Fortunately, tactile sensibility was not 
affected in this case, and the readings are therefore free from this 
i troublesome source of fallacy. 

























` Medsured movement Localization 
Thumb .. | 1°, but direction not always apoutate Perfect at 1 om. | Perfect 
= ” 33 a+” 


index fi Between 2° to os but slow 
Middle ge 2° to 8° é 
Ring finger .. | Gross loss | Gross loss at 5 om. Bli shély affected 
Lsttle finger.. | Gross loss. Cannot even recognize All called ‘one’ | Definite, but 
posture.of finger at 5 om. slight loss 








Here three-dimensional loss was so great over the’ little finger that 
the patient could not even recognize its position, when it had been 
moved passively into the extremes of flexion and extension. In the 
ring finger the disturbance was considerable but not so complete, whilst 
in the middle and index fingers a movement of from 2° to 3° was 
recognized slowly. The range of movement actually appreciated in 
the two thumbs was the same, but the answers from the affected hand 
were less prompt and the direction was not always indicated correctly. 

The compass-test was affected over the ring and little fingers only, 

“but over the latter the, loss of discrimination was absolute when the 
points were 5 cm. apart. ` 

Topical localization was slightly disturbed on the ring finger and 
the patient was “less certain in his answers, but over the little finger 
the change was more definite. Out of five observations, he made two , 
mistakes and at the same time complained that the test was more 
difficult than elsewhere over the hand, 
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_ Here then, both the degree of sensory ne and the extent of the 

-loss, measured by the number of digits affected, obeyed the law laid 
down at the beginning of this section. The earliest disturbance of — 
sensibility is revealed by a test in three-dimensional recognition, ; whilst 
< spot-finding ` ” is both last and least affected. 

So far, I have spoken of the extent to which recognition in space 
was disturbed as if if was determined by measurement only. This is, 
however, not the case. For the first sign that any one of these 
varieties of spacial recognition is affected is the statement of the patient 
himself, that the tests are less easy on the abnormal digit. Even _ 
though the compass-test may give a.threshold within normal limits, he 
is slower in his answers and finds greater difficulty in making up his 
mind as to whether he has been touched by one or two points. A` 
similar state of uncertainty may be the first sign, that localization is 
disturbed, although finally he may indicate correctly the spot touched. 
In all these instances, the change would ke recorded as an “ intro-. 
spective” one. With intelligent patients, this introspective difference 
between similar parts of the two hands is a most valuable indication 
that a change in sensibility exists, even though it is too slight to 
become apparent, by. our somewhat coarse methods of measurement, 

A more advanced affection is shown .by e. raising ‘of the threshold ; 
there may be. no difficulty in obtaining perfect appreciation of passive 
movement and of the ‘compass-test, but the angle through which the 
affected part-must be moved may be five to ten times greater than 
normal, and the two pomts have to be separated to a distance far in 
excess of that necessary on the unaffected hand. In such cases correct 
recognition and discrimination are possible, es the task ‘is made 
easier. . 

The next stage of ‘dissolution i is shown by the absence of a threshold ; 
movements to the extreme distance possible in any direction may not 
be recognized. The records are marred by uncertainty, guessing and 
hallucinations. The patient may describe, movements, indicating their 
direction, although the part has remained rigidly i in the same position ; 
contact stimuli are particularly liable to be translated into sensations 
of. movement., In the same’way, the maximum separation of the 
compass-points possible over the affected part fails to lead to correct 
discrimination .and the records may show uncertainty and guessing, 
even when one point only has been applied to the skin. An analogous 
tendency appears when the power of localization has been profoundly 
disturbed; the patient not only indicates erroneously the spot touched, 
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but may.give up all attempt to Teepe its ai saying, “I naya 
no idea where you are touching me.’ 

These various grades of defective recognition are well shown in 
the following case (No. 2), where all the fingers were in a different 
conditiòn :— 


v 
is 





Measured movement Compass teat Localization 

Thumb RS an Normal (19), Threshold 1 om. .. r .. | Perfect 
Index finger !. +. | Threshold raised (8°. -to 6°} 3 2 PO Ss m 
Middle finger... s „o (6èto10 a sae Ee ae K 
Ring finger .. as s (5° to 8° ’ oe = ii 
Little finger.. on Gross loss of threshold and | Threshold 1-5 om.°, with is 

st a confusion some uncertainty "of re- 

| sponse 3 





Here there was no difference between the sensory condition of the 
two thumbs; it was as easy for him to give correct answers to the 
three tests ‘on the affected as on the normal hand. The first change 
- appeared when he attempted to describe passive movements of the 
index finger; his answers were slower and a range of from 8° to 6° 
was required before he could appreciate the direction correctly. With 
the middle and ring fingers, the movement had to be made through an 
angle of from 6° to 10°; whilst in the little finger the loss was even 
greater. For he not only required moyements of from 15° to 20° before 
he could recognize that some change of posture had occurred, but its 
direction was sometimes wrongly interpreted even at 25°. 

In spite of this extensive disturbance in the recognition of passive 
movement, the only change to the compass-test was found on the little 
finger, of the affected hand. Not only was it necessary to separate the 
two points to a distance of 1'5 cm., but he gave the following account 
of his: sensations in this digit. “The thing that puzzles me on the 
little finger is that it seems like an echo. I,don’t know whether it 
is two,-or one with an echo. When 'they are close together, I can’t 
tell whether it is one point, which influences the part around, or two 
points. When they are wide apart, the second oe falls outside this 
part influenced, and I know it is two.” 

Even when we consider the state of any one digit, we can 
frequently discover a similar graduated relation between the extent to 
` which ‘the: three ‘spacial tests are -affected. Take for example the 

sensory: records from the little finger in No. 2. Recognition’ of passive 
“movement showed the profoundest disturbance; it was impossible to 
obtain a definite threshold, even with a wide range of alteration in 
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posture, and the patient’s answers were confused. Yet the compass-test 
revealed a threshold, with the points separated to a distance of 1°5 cm., 
and localization was entirely unaffected. 

Whenever, therefore, spacial recognition is diminished as the result 
of a cortical lesion, appreciation of passive movement will be disturbed. 
Moreover, in any such case, this aspect of sensation shows the most 
extensive and also the most intense changes. 

Next in order comes two-dimensional discrimination, as shown 
by the power of recoghizing the /two compass-points applied 
simultaneously. 

Localization, or the capacity to determine the position of the 
stimulated spot, is affected less often, less extensively, a and to a smaller 
degree than any of the other spacial tests. j 

This is an excellent example of the law, laid down by Hughlings 
Jackson, that the higher and most specific aspect of any function is 
affected before the lower. Sensory disturbances associated with 
lesions of the cerebral cortex are psychical manifestations, rather than 
the result of mechanical ‘interference with conduction of afferent 
impulses. The physiological activities, which directly underlie sensa- 
tion, are struck in the centre of their production. We have no longer . 
to deal, as on lower levels, with loss of sensation caused by the cutting 
off of afferent impulses from a normal receptive centre. All such 
‘expressions as “joint-sense,”’ “proprioceptive impulses,” “‘ epicritic 
and deep sensibility,” adequate terms at certain other sensory levels, 
cease ‘entirely to have validity when we are considering the disturb- 
ances in spacial recognition associated with a cortical lesion. 

Such a lesion, when it interferes with spacial. recognition, first 
disturbs that function which is psychically most difficult, and then in 
_order those of less complexity. We are so near the psychical act’ of 
sensation that we must now classify disturbances of sensibility under 
categories we can recognize introspectively, and we are not compelled 
to group them’ according to their local origin, phylogenetic qualities, or 
physiological history, as was the case with lesions at lower levels of the 
nervous system. 


a3 ce 


§ 3.—Intensity. 


Touch, pain, heat, and cold form a natural group with certain ` 
features in common. Hach of these aspects of sensation depends on 
the action of measurable physical stimuli; the impulses generated are 
specific and, on the physiological levels of the nervous system, they 
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are gathered together into separate afferent streams, which can be 
interrupted independently of one another.. 

But a cortical lesion never completely abolishes sensibility to touch, 
pain, heat, or cold. Hven when the ‘whole sensory cortex is thrown out 
of action, contact, especially of an object moving over hair-clad parte, 
may produce a definite tactile response. Under such conditions, 
contact-stimuli produce a vague sensation of “something happening ” 
within the body, without immediate appreciation of variations in 
intensity. In the same way, heat and cold may be correctly dis- 
criminated, although the patient cannot recognize differences in the 
degree of thermal stimulation. The sensation evoked by a prick may 
not, seem so “sharp” or so “clear” as over normal parts, but the 
discomfort it produces may be greatly increased. 

‘The power of recognizing contact, especially of a moving object, and 
appreciation of the qualitative aspects of thermal and painful stimuli, 
are functions of the optic thalamus; the activity of the cortex endows 
us with the capacity to estimate the relative intensity of such stimuli. 
It is obvious, therefore, that all thèse forms of sensibility must be 
affected in a similar way by a cortical lesion. Their qualitative appre- 
.ciation is already provided for elsewhere; but the clarity and definite- 
ness of the sensation and the stability of the response to repeated 
stimuli are a function of cortical activity. ` 

Now, from the cortical aspect otr tests for measuring sensibility to © 
touch, temperature, and pain are not of equivalent value. The tactile 
hairs demand a high degree of constancy and graduated response to 
stimulation; this test, therefore, shows the greatest change amongst 
the group we are now considering. 

Appreciation of heat and cold; as we are forced to examine it 
clinically, depends comparatively little on cortical activity. For, whilst 
it is easy to say whether an object is hot or cold, it requires an 
intelligent patient and unusually favourable conditions to test the 
relation of two warm stimuli to one another, or to determine the - 
threshold for heat and cold with approximate accuracy. 

These difficulties are multiplied a hundredfold in the case of pain. 
A prick is the only effective means of applying a measurable painful 
stimulus to the skin, and any shatp object, such as a needle, produces 
first of all a recognition that the stimulus is pointed; further pressure 
adds to this a sensation of pain. It is almost impossible to prevent 
the patient from saying that he is pricked, whenever he appreciates _that 
the stimulus is a sharp point, and, if he is told to wait until he obtains 
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a distinct sensation of pain, we run the. risk of placing the threshold 
too high. In the vast majority of cortical disturbances, the threshold 
for prick is the same on the two sides. But in rare instances it would 
- seem as if the threshold were raised somewhat over the affected parts, 
and the patient complains that the “feeling ” is different. How far 
‘this is due to a profound change, not uncommonly present, in the 
sensation produced by the point apart from pain, and how far it may 
be caused by @ slight raising of the pain-threshold, is dealt with in 
Chapter VI [p. 140]. Whatever the true significance of this pheno- 
menon, appreciation of a prick is affected less often than. any other 
form of sensation. 
Whenever the power to appreciate touch, pain, heat, or cold is 
-' disturbed, in consequence of a cortical lesion, measurements with hairs 
of graduated strength invariably reveal some.loss of tactile sensibility. 
Out of eleven cases, where’ one or more of these qualities of sensation 
at some defect on the hand, tactile appreciation was disturbed in 
; five showed some loss of thermal sna: whilst measured prick 
was defective in one case only. ~ 
If these eleven cases are gathered PE to form a table; it will 


be seen not only that tactile sensibility is most often affected, but the, 


loss is invariably greater in amount than tbat of either. of the two 
other forms.. Similarly the defects shown by the thermal tests are 
greater than those which ‘appear in the records of measured prick. 






Thermal teats 





Tactile hairs 









Prick 





Gross loss .. a. | Affected’ .. . | Threshold raised 


No. 5 % 
No. 10 i OW ats Fa oF .. . | Normal 
are a ? n ia = Introspective " 
No. 18 hives T SS ia ss Slight affected i 
No. 14 Threshold raised .. | Norma. ij 
No. 18 ” tn i vs ” is = 
No. 20 ” ” „x a! ” 
No. 12 rf » ee 5i is 
No: 4 Threshold slightly raised " SS 
o. 7 ; 


” 33 a 








A similar relation is evident, if we judge by the number of digits 


affected in each particular instance. The following table shows that 
the extent of the loss to graduated tactile stimuli exceeds, or is as great 
as, that of any other form of sensibility belonging to this group. Next 
in order comes the number of fingers which exhibit some lack of 
thermal appreciation, whilst in most cases prick is not affected anywhere. 
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Oese Tactile hairs Thermal testa | Prick . 
No. 5 5 3 t 2 Patrospeotive 8 
No. 10 5 A 0 
No. 18 5 thre shold slightly raised 0 . 0 
No. 4 8 + 32 introspective ..13 introspective 0 
No. 20 144 mn 0 
No. 17 Boise ae N 1 introspective es 0 
No. 14 1D». ars a oe 0 0 

-No. 1 Bes oe ee 0 0 
No. 12 1 + 1 introspective 0 0 
No. 7 1+1 a 0 0 








In all attempts to record the amount or the extent to which these 
forms of sensibility are affected we cannot depend entirely on measure- 
ment. Introspective differences, irregularity of response and hallucina- 
tions must all be carefully taken into account. 

It is more particularly in this group of tests, dealing with response ` 
to stimuli of different intensity, that introspection is of the greatest 
value. The patient insists that the impression he receives is “less 
plain,” 4 less certain,” over affected parts; the threshold may be slightly 
raised only, or it may be impossible to say that there is any measurable 
difference between similar parts of the normal and affected hands, and 
yet he insists ‘‘the two hands are different.” “It is harder for me on 
the affected band; I can’t be certain that I am right, but it’s easy 
enough on the normal hand.” 

No. 2 was a splendid example of this ee of sensory affection. 
For, as far as touch, temperature and pain were concerned, the little 
finger showed.a disturbance of sensibility which, though not apparent 


_ „to our rough tests, was obvious to the patient. : He gave a perfect series 


of answers on the right and left little fingers even with a hair of 
14 grm./mm.'*, but the response was slower from the right than from 
the left. He said, ‘‘ The first two or three touches were fairly clear ; 
' then it seemed to become more difficult and I wasn’t so certain. I was 
doing it with an effort on the affected hand (right) instead of not think- 
ing about it.” With the same hair on the two thumbs he said, “'That 
is quite easy; there is no effort on either side.” 

The threshold for the appreciation of heat and cold did not differ 
materially on the two little’ fingers; but he asserted that the impres- 
sion he received was not the same. ‘‘ There is a difference in the left 
hand (normal); it is immediate, whilst in the right it seems to change 
gradually. -The ultimate sensation is the same, but t is quicker in the 
left hand.” 


‘ 
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On testing this patient’ with measured pricks, it was difficult to be 
certain whether the threshold was raised or not; but he never doubted 
for a moment that he received a different impression from, the two little 
fingers, whilst the sensation evoked from the two ring fingers by the 
same stimulus was identical. If the algesimeter was set at 3°5 grm., 
it was said to “ prick” on both little fingers; on the affected hand, 
however, it was “not so plain” as on the normal one. 

Here, then, is an instance where, as 'far as the intensity of tactile, 
thermal and painful stimuli is concerned, no measurable abnormality 
could be discovered: and yet, in every case, the patient was certain 
that the sensation from the two hands was different. 

When sensation is more gravely disturbed, the threshold rises over 
the affected part; it may still be possible to obtain a perfect series of 


answers, but a stronger stimulus is required. The normal hand may 
“respond perfectly to a hair of 14 grm./mm.’, whilst imperfect records 


may be obtained on a similar part of the other hand, until we employ a 
hair of considerably greater strength. In such cases, the patient is 
usually conscious that the sensation evoked is different, and hallucina- 
tions are liable to appear, especially ,if the testing has continued for an 
unduly long period. In the same way, although crude recognition of 
heat and cold may show no confusion, the patient may not be able to 
appreciate heat below about 35° C., or cold above about 26° C., whereas 
on normal parts the thresholds are respectively about 30° C. and 28° C. 

‘In many cases, a further stage is reached in sensory dissolution. 
No threshold can then be’ obtained by i increasing the stimulus within 
certain limits. Normally a hair of 14 grm.;mm.*, or at any rate one of 
21 grm./mm.” evokes a perfect series of answers from the palmar 
aspects of the tips of the fingers. When, however, we speak of the 
threshold as unobtainable, we mean that even a hair of 100 grm./mm.? 
does not necessarily or materially increase the accuracy.of response. 
It is not safe to employ hairs of greater bending strain, as they are 
liable to produce a sensation of pricking; even those between 70 or 
80 grm./mm." may occasionally seem to prick, over the tips of the 
fingers. 

With the disappearance of a threshold, hallucinations frequently 
mar the records ; the patient responds when he has not been stimulated, 
and often insists that the hair has not been removed, but still presses 
on the gurface. At other times, it seems to him, as if the hair was 


, being dragged along the skin, instead of being applied to one spot and 


then removed.. This translation of contact into a sensation of' move- 
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ment is one of the most striking consequences of some disturbance in 
the sensory cortex. : 

Case 5 was an excellent example of such changes i in the appreciation 
of touch, heat, cold and, pain.’ 





Index finger.. | Threshold destroyed; 23 and 100| No certain appreciation |8 grm. or 
grm./mm.* gave the same number | between about 26° and | more 

of correct answers. Irregular re-| 40°C. 

sponse, Oontact thought to be 

movement across the surface 


Middle finger | Threshold raised 28 grm.jmm.? ..| Unable to distinguish | 8 grm. 
t 85° and 40° 0. 
Rang finger .. yy » 28 ry -. | Threshold for cold 27° O., | 8 


; for heat 84° O. 
Little finger .. | Much introspective difference ; | Introspective changeonly | 4grm.; same 
threshold slightly raised as normal 
i little finger 








On thé normal hand, the threshold for measured touch was in every 
case below 21 grm./mm.*; that is to say, that with a hair of this 
bending strain, a uniform series of replies could be obtained from all 
his digits. With an external femperature of 18° C., it was found that 
the threshold for heat, on the fingers of the normal hand, was about 
30° C., that for cold was about 27° C. He had no difficulty in 
recognizing the difference between a silver tube containing ‘water at 
35° C., and one at 40° C., presented in different order and irregular 
TES, Prick was distinctly appreciated on all the normal fingers, 
when our spring algesimeter registered 4 grm. 

Let us,examine more in detail the condition of the index finger of 
the affected hand, as compared with that of the normal side. 

‘A series of observations with the tactile hairs, carried out in the 
usual way, yielded the following readings. Each unit represents 
appreciation of a contact of measured force indicated in grm./mm.’, 
whilst a nought signified that the touch was not perceived. It is 
evident that no true threshold could be obtained to touches of this 
order, for the number of correct answers with a hair of 23 grm./mm.? 
is the same, as that to a hair of more than four times the bending 
strain. - 


` R. (affeoted) “t. (Gora. A 

, 21 grm./mm.? — ; iiiiiiiiiiliiiii 

21 grń.jmm.? 0000000000000000 

28 grm./mm.* iooiooioooocoiioo 

85 grm./jmm.? ioiiorooiooooloi 

70 grm./mm.? iiijiiooiLiiiooo 

100 grm. /mm.* ooiooiioooiioooo 

28 grm./jmm.ê oooooooojoiooooi 


21 grm./mm,? — 1iiiiiiiiliiiiii 
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_ This bald record, however, gives.an incomplete idea of the sensory 
disturbance. The patient said, “On the left (normal) side I felt as if 
you were putting on and taking off a fine wire point. ‘ On the right 
‘hand, it was exactly as if a mosquito drew its leg along the surface. 
I never felt a distinct pressing on. Sometimes I felt it vaguely as if 
it was still there, and I wanted you to press it and take it away again, 
so that I might be certain if it was there or not.” 

On the affected index finger, he could not appreciate heat or cold 
with certainty between about 26° C. and 40° C., whereas on a bright 
‘spring-like day, the temperature of the room being 18° C., the 
indeterminate zone lay between about 26° C. and 80° C. over the 
normal hand. ., 

This extension of the indeterminate zone on the affected hand is one 
of the characteristic features of thermal sensibility, when it is disturbed 
from a lesion of the cortex. An even more striking defect is inability 
to distinguish two stimuli of the same thermal quality but of different 

. intensity. J have econ examined a more complete example of this 
defect. 


Index finger R. (affected) ` L. (normal) 
Compared — . 
85° and 40° O. | “No difference” .. ‘..- ..| ‘The second was much hotter” 
40° and 85°.0. | “ No difference’ .. es .. | “The first was hotter ” 
85° and 40° O. | ‘* No difference”” .. fe .. | “The second was hotter” 
85° and 46° O. | ‘‘ Both hot; the last hotter” .. | “The last was hotter” 
. 45° and 85° 0. | No difference ” a .. | ©The first was hotter” 
85° and 45° O. | ‘* No difference ” “ The last was hotter” 
45° and 85° O. | “ First hotter; the second was cold, “ The first was hotter” 
or nearly so a, ; 
25° and 20° O. | ** Cold ;- no difference” A .. | “Neutral and cold” 
20° and 25° U. | “ The same; just about cold” , .. | «Gold and neutral ” : 
95° and 20° O. | "The same; they are not neutral " | ‘On the cold side and distinctly - 
\ y cold ” 
20° and 25° O. | “ Both are ice cold ”.. an .. | “ First much colder ; the second 
just on the cold side of neutral” 














‘ When tested with the warm and cold tubes, he said: “ There is a 
gréat difference between the two fingers; the right never changes its 
mind, whereas with the left (normal) the temperature seems to grow 
upon it; with hot I feel it growing hotter, until it reaches a certain 
stage and then. stops. - Cold does the same thing. I was baffled on the 
right hand; I don’t know how to describe it. It sometimes seemed ice- 
cold and sometimes nothing at all; but there was never any difference 
between the two tubes.” -He was first tested with the cold tubes on 
the affected hand, and as soon as the change was made to the normal 
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hand, he burst into laughter saying, “I could not have believed that 
the difference could be so great. Here I never had a moment’s doubt; 
the first was just off tepid and the second was colder still, or vice versa 
as the case might be.” eos 

To prick, the ‘threshold was décidedly raised and although 4 grm. 
was sufficient on the normal index finger to evoke the sensation of 
pricking, 8. grm. or more was required on the right hand. Moreover, 
he said, “I feel it more on the left hand; it is quite soft on the 
right.” — 

Thus, we can sum up the results a in this section as. 
follows :— 

(1) Sensibility to touch, “heat, cold and vain’ is never abolished as. 
the result of a true cortical lesion, provided the period of shock has. 
passed off and epileptiform attacks are absent. 

(2) Sensibility may, however, be profoundly modified. This change 
shows itself first in the patient’s introspective recognition that the 
sensation obtained from the normal and affected parts is not similar 
Next, this différence may become manifest in a raised threshold. A still 
graver disturbance is shown by inability to obtain a threshold within. 
reasonable limits; such records are liable to be disturbed by halluci- 
nations and other irregularities of response. At this stage of dissolution, 


‘the patient may not be able to appreciate with certainty temperatures 


between about 26° C. and 40° C., nor to discriminate between two hot. 
or two cold stimuli, easily recognizable on the normal hand.” 

(8) Whenever the graduated tests for touch, heat, cold or prick- 
demonstrate ‘that sensibility is changed, the tactile hairs always discover 
the gravest disturbance, heat and cold are less and prick least affected. 
By this I mean, not only that the loss is more intense over any one 


‘part, but also that it extends to a larger number of digits on the hand. 


(4) This is probably due in part to the more delicate and complex 
appreciation required by the test of the tactile hairs, compared ‘with the 
crudity of those we can apply clinically for heat, cold and especially for 
prick. But it also depends on the relative extent to which these stimuli 
appeal to'the activity of the optic thalamus. A prick, as far as its 
painful element is concerned, depends for recognition almost entirely 
on this organ, whilst the “ pointedness,” “ clearness,” “ sharpness ” are 
the result of cortical activity. On the other hand, the graduated hairs 
require for their appreciation ‘a reaction to, different intensities ; this 
reaction must be constant and correspond relatively to the strength of 
stimulation.. When once the maximum. threshold has been exceeded, 
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the answers must be free from gross irregularities. All these factors in 
contact-sensibility depend on the sensory cortex and are therefore mos 
disturbed in ee aa of such lesions as I have dealt with in this 


paper. 
(5) All isse changes in sensibility can be grouped yen under 


the heading of defective appreciation of intensity; for, at bottom, they - 


depend on an inconstant reaction to graduated stimuli. . This tends to 
produce that characteristic confusion and want of definition, which are 
manifest throughout the records of touch, pain, heat and cold in many 
cases of cortical i injury. 


§ 4.—Recognition of Similarity and Difference. 

Appreciation of the shape, relative size, and nature of common 
objects is frequently disturbed in cases of corneal lesion, and has been 
erected into one function under the name “ stereognosis.” But this 
term is bad one, because it applies strictly to recognition of form only ; 
it cannot possibly be made to include the relative appreciation of 
` weights, the most easily measurable member of this group of tests. 
Nor can it comprise the many other means of examining the patient’s 
power of recognizing the similarity or difference of two objects placed 


in the hand, all of which may be more or less simultaneously affected 


by a lesion of the cerebral cortex. 

When we were dealing with the cońsequences of destruction at 
subcortical levels of the nervous system, tne success or failure of all 
-the tests of this group depended on more than one stream of impulses; 
the patient might fail if the test was carried out in one way, but make 
a good. record by another procedure. Thus, when. the interference with 
conduction is subcortical, the pcwer.of appreciating differences in 
weight depends on two separate streams of afferent impulses, one 
concerned with tactile:impressions, and the other with recognition of 
passive movements. If the hand is fully supported, addition and 
removal of weights can be correctly appreciated only when tactile 


sensibility is perfect; subcortically, this test is another method of. 


discovering whether touch is or is not affected. When, however, 
the hand moves freely in space, and the patient is told to “weigh” 
the objects placed upon the palm, his power of estimating weight 
depends on the integrity of spacial recognition. It is, in fact, another 
indirect test for appreciation of movement. ar 

As soon, however, as we come to deal with disturbances of cortical 
origin, we are face to face, not with an interference with conduction to 
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an intact centre, but with destruction of the activities of that centre 
itself. ‘The power of estimating weights is now a primary, and not a 
secondary fanction; and, if it is disturbed by a cortical lesion, all 
aspects of the tests are more or less affected. , 

The power of appreciating differences in weight is no longer linked 
up directly with postural recognition, or with tactile sensibility. These 
functions’ may be entirely dissociated. Thus, in No. 18, measured 
movement was in no way defective, and tactile sensibility was disturbed 
to a scarcely perceptible degree, and yet the power of appreciating 
differences of weight was gravely affected. Conversely, in No. 18, the 
patient was able to discriminate differences in weight, and yet recog- 
nition of movement and tactile sensibility were considerably disturbed. 

Again, it may happen that perfect appreciation of graduated contacts 
is accompanied by loss of power to estimate weight. In two cases 
(No. 16 and No. 21), where this condition was present over the whole 
of the affected hand, it was associated with inability to recognize 
passive movement in all five digits. At first sight it might be supposed 
that the two lost functions were bound up together, were it not for 
another group of cases [Nos. 18, 19, 22], where the records of measured 
movement showed the grossest defects, but the relation’ between two 
weights could be correctly appreciated. | 

Thus it is evident that the power to recognize differences of weight 
is a function of the cortex, independent of tactile sensibility, or of the 
appreciation of measured movement and posture of the affected parts. 
At all levels of the nervous system below the cortex, discrimination of 
weights depends on the manner in which the test is applied. If tactile 
sensibility is diminished, the patient is no longer able to recognize the 
relation of two weights placed on the hand when fully supported, 
whereas a proper appreciation of movement is required for the due 
recognition of weights laid on a hand that is moving freely in space. 
But, from the point of view of cortical activity, discrimination of weight 
is a function independent. of either postural or tactile recognition. — 

The faculty of recognizing the sliape of objects placed in the hand 
is a closely allied function, as far as the' sensory activities of the cortex 
are concerned. ;But, whereas graduated weights can be applied to each 
separate finger, it is impossible to use the tests for appreciating shape 
in this way. In order to prove that these tests fall into the same 
sensory group as those for weight, from the point of view of cortical 
activity, we are compelled to fall back upon cases where, at any rate, a 
considerable part of the palm is affected as well as the digits. The 
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patient is ‘then allowed to roll the solid objects of ‘different shape 
between the fingers and’the palm. - 

On running through the records of my series of cases, it is at once 
apparent that. recognition of form in three-dimensions rises and falls- 
part passu with the’ power. of appreciating the relation of two weights; 
when the one aspect of sensory discrimination is disturbed, the ‘other is 
also affected. Thus, No. 18 had lost all power to recognize the shape of 
solid objects rolled between his thumb, index, and palmi, and could-not 
„recognize addition or subtraction of weights, although appreciation of 
passive movement was not affected, and the tactile threshold was but 
slightly raised. Conversely, in No. 14, recognition of form and weight 
was perfect, although. the power of appreciating measured movement 
and the tactile hairs was obviously defective. 

Throughout this research, I have used wooden TA cut to scale, 
and of six different geometrical shapes. Their size was such that they 
could be easily recognized.in the normal hand, if the patient: were 
sensitive and intelligent, even when rolled over the palmar aspect of 
the fingers. A 

It is unfortunately T clinically, to use several sets of solid 
figures of different sizes in order to test appreciation of form; for the 
time required to make so long a series of observations would be too 
great, and in most cases they would end ir confusion on the part of 
the patient; this must be avoided’ even at the cost .of reducing the 
measurable aspect of the test. Should this faculty of recognizing: the 
form of objects be diminished, but not entirely lost, our method does — 
not enable us to work out a threshold, as was the case with weights ; 
the results are purely relative, and cannot be expressed numerically. 
But when the disturbance is extreme, the patient not only says he has 
no idea of the.form of the geometrical figures we habitually use, but 
he may also fail to recognize the shape and nature of common objects ` 
such as a knife, coin, or pencil placed in his hand. This is the well- © 

' known.condition usually called “ astereognosis.” 

The power of recognizing stuffs by their difference in texture also 
belongs primarily to this group; it is closely associated with ability to 
appreciate differences in weight and form. But this aspect of the test 
presupposes perfect tactile sensibility. If touch ds vague and uncertain, 
it is obvious that the patient will not be able to recognize the character- 
istics of the stuff beneath his fingers as readily as with the normal hand, 
and so will fall into mistakes that have nothing to do with the power of 
appreciating similarity or difference, ‘The relation of this test to those 


y 


A 


SENSATION AND THE CEREBRAL: CORTEX 128 


for the recognition of weight and form -can only be established in cases 
where tactile sensibility is perfect. 

Fortunately I have examined one such instance‘of this dissociation 
in an, extreme. form (No. 16). Touch was nowhere disturbed, but the 
patient was unable to distinguish velvet, silk, flannel or “cotton any- 
where over the affected hand. He had also lost the power of 
recognizing differences in weight, whether the hand was supported or 
free to.move, and had no idea of the shape even of common objects 
placed in the palm: Thus, provided tactile sensibility is normal, it is 
possible to show that the recognition of differences in weight, form and 
téxtare is the expression of one aspect of cortical activity. 

A striking example of this law is seen in the case of No. 8, where 
all the digits were not in the same condition (vide table). Tactile 
sensibility was everywhere normal, but the three tests, weight, form 
and texture, showed considerable loss over the little, ring and middle 
fingers. Appreciation of measured movement was disturbed to a greater 
or less extent over the whole hand. 












Weight Measured movement 





Form | Tactile hairs 










































Thumb . | Perfect .. | Perfeot | Perfect .. en (1° per- 
! ect] 

Index oe i as i .. | Normal weht yy Affected (2°—8°) 

Middle |. | Defective ..|Deteotive..| _,, role Gi N ie = 8) 

Ring . | Gross loss | Gross loss | Complete loss ‘i ji äly) 

Titttle ay | ag is ats er 5°) 





The tests we have considered in this section show that the power 
of discriminating differences in external objects, apart from the intensity l 
or spacial attributes of the sensations they evoke, is a fundamental 
function. It .is not secondary to the due appreciation-of some other 
sensory quality, such as touch or spacial projection. This is strictly 
true of the discrimination'of weight and form, but, full recognition of 
differences of texture is only possible, when tactile sensibility is also 
unaffected. 
', All these tests, the weights, the different shapes in three dimensions. 
and stuffs of various textures, demand the same power of discrimi- 
nation. Some offer a more difficult task than others, but they do not 
stand to one another in a graduated scale of difficulty like the three 
tests for spacial recognition, or the tactile, thermal and painful stimuli 


. we have employed in this work. In cases where they can all be 


employed in consequence of the whole hand being affected, they are 
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usually found to fail together. Tests capable of measurement, such 
as those for weight, obviously reveal a slighter degree of change than 
those which consist in the recognition of certain fixed shapes or 
_ textures; for, in this latter group, the patient has simply to appreciate 
the nature of an object whose character cannot be varied. 

In conclusion, there can be little doubt that the faculty of recognizing 
the similarity and differences of objects brought into contact with the 
body depends upon one of the fundamental activities of the sensory 
cortex. It can be disturbed apart from the power of appreciating 
spacial relations and independently of the reaction to stimuli of varied 
intensity, or it may be preserved, when these two functions are grossly 
‘ defective. ` ; ` 


" § 5.—Analysis of the Tests which depend upon more than one of these 
; three Cortical Activities. : 


So far, I have treated each of these sensory tests as if it made a 
specific appeal to one of the three aspects of cortical activity. This is. 
manifestly an. incomplete statement of the case. For, if the physio- 
logical workings of the cortex endow sensibility with relations in space, 
intensity, and individual character, it is obvious that these functions 
will be exercised on all afferent materials presented to its action. 

There are but few tests which do not depend in some way on the 
appreciation -of contact, and wherever tactility comes into action the 
question of its spacial relations, intensity or characteristics must of 
necessity arise. But, in ‘the preceding sections of this chapter, I have 
attempted so to select my instances that the particular test in question 
_ shall give, as far as possible, an uncomplicated answer. Thus, when 
discussing spacial sensibility, I have chosen cases where the power of 
appreciating graduated intensity was little affected. In the same way, 
the capacity to recognize various stuffs by their texture was treated, as 
if the condition of tactile sensibility played no part in the test. 

It was necessary to adopt this deliberately partial standpoint in 
order to elucidate the nature of the sensory activity of the cortex. For 
‘it is obvious that the simultaneous compass-test depends on the 
‘integrity of tactile sensibility; at lower levels of the nervous system it 
is often impossible to apply this test, because the patient cannot 
appreciate any tactile stimulus, however intense. Even with a less 
_ complete interference, the impression made by contact may be so feeble 
that the patient does not receive the afferent materials ‘necessary for - 
discrimination. Under such conditions the compass-records would 
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show little more than the effect of the loss of touch. But we have many 
better methods for measuring defects in tactile sensibility, and the true 
value of the compass-test lies in the fact that it is the best means at . 
our disposal for exploring two-dimensional discrimination 

By careful selection of cases it is possible to find specific instances 
where each of the tests we have used exhibits the changes in one only 
of the cortical activities on which it depends. But, from the point of 
view of,the general facts presented by cerebral lesions, such exclusion 
is wasteful and inconvenient. It behoves us, therefore, to discover, if 
possible, some peculiar feature of the records of each of these tests 
which will reveal the particular activity at fault. In many cases two 
or even three of these activities may be defective ; here the records will 
show the profoundest changes, but they are useless for that analysis 
upon which we are intent in the present section. 

In a recent paper, Graham Brown and Stewart [1] put forward 
their views on disturbances of localization and discrimination in cases 
of cerebral lesions; their results were based on a long series of 
observations mainly on one patient, but the conclusions to which they 
arrived are of the greatest interest. They believe that a sensation of 
touch has three attributes—its character, individuality and position. 
Every sensory effect produced by a touch must evoke a state different 
from that conditioned by all other tactile stimuli; this is its 
“character.” But each sensation of touch must resemble all those 
arising from stimulation of the same spot, and this is what they call its 
“individuality.” But, apart from this individual similarity to others 
that have preceded it, a touch has definite “position.” The two — 
authors then analyse along, these lines their experiments on topical 
. localization and discrimination of the compass-points. 

My observations are not extensive enough, and the tests I have 
used are relatively too coarse, to permit any criticism of their results. 
My method of attacking the problem differs from that by which they 
reached their results. I have attempted, by ranging widely over a 
number of suitably selected cases, to discover conditions where the 
various factors jn cortical activity were dissociated; thus I have been 
able to observe the behaviour of the patient under simultaneous appli- 
cation of the compass-points, when other spacial tests were affected, but 
' tactile sensibility was perfect. Conversely, these results were compared 
with the compass-records obtained when spacial recognition was normal, 
but there was grave want of response to tests of graduated intensity. 
In this way, certain general rules have emerged, which I shall proceed 
to consider more in detail under the heading of each, separate test. 


126 ORIGINAL ARTICLES AND, CLINICAL CASES 


(a) The compass-test.—This test above alt dikes is liable. to be, 
disturbed by inequalities of tactile appreciation. It is essentially a 
measure of the power of discriminating two points applied simul- 
taneously. If, however, the two contacts evoke sensations of different 
and inconstant, intensity, in spite of the most careful application, the 
patient will have difficulty in making up his mind as to whether he has | 
been touched with one .or two points, and yet from other tests it may 
be unlikely that the spacial aspect of sensation is disturbed. s 

From the records of selected instances, where in the one case 
spacial recognition was affected, but tactile sensibility was perfect, and 
in the other the, condition was reversed, I think it is possible to 
enunciate the following general rule.’ So long as the power of reacting 
uniformly to touches of graduated intensity is not impaired, defects in 
two-dimensional discrimination show themselves in a tendency to speak 
of both single and double contacts with the compass-points as “one.” 
Thus, according to the method we use for recording the results of this 
test, errors will be plentiful in the lower line, because many “ twos ” 
are- called “ one,” whilst the upper line will be ane clear, because 
there is an habitual tendency’ to call all contacts “ 

On the contrary, if the appreciation of tactile stimuli i is inconstant, 
as shown by the answers obtained to the tactile hairs, the compass- 
records will have a different appearance, provided spacial recognition 
is not affected. Just as many errors may appear in the upper as in 
the lower line; one contact is called “two,” and two are said to be 
“one” with almost-equal frequency. Moreover, a considerable increase 
in the distance between thé points may make little difference in’ the 

‘number and proportion of these mistaken answers. 

Let us first of all consider the case where the appreciation of tactile 
intensity was not disturbed. No. 3 is a good example of such a condi- 
tion. The left hand was alone affected and all five digits showed some 
want of recognition of ‘passive movement. Tactile sensibility was, 
however, remarkably good ; a hair of 21 grm./mm.” gave perfect records 
over the palmar aspect of all the terminal phalanges and the patient 
could discover no difference’ in the sensation evoked from the two 
hands. It was obvious, therefore, that if discrimination of the compass- 
points was defective the disturbance must have’ been mainly due to want 
of spacial recognition in two dimensions. The compass-records were 
perfect over the thumb, index, and middle fingers; but over both ring 
and little fingers every application, whether of one or two points, 
was called'“ one,” even when they were separated by a distance of 5 cm. 
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Moreover, the patient added, “ I feel the pressure but I can’t be certain 
that it istwo. It doesn’t feel like it does on the other fingers.” 

The progressively increasing disturbance of the compass-records over 
the little, ring and middle fingers in No. 22 is another striking example 
of the loss of two-dimensional discrimination. All the digits reacted 
constantly to a hair of 21 grm.j/mm.*, as on the normal hand; the only 
change on the middle and ring fingers was an introspective one, and 
even this abnormality was absent from the little finger. Here the two 
hands reacted alike to a hair of this bending strain. The records óf 
the compass-test worked out as follows on the three fingers :— 

Little finger— ` 
10 Right. 0 
O5em. -7| 7 Right. 8 
TE e 


Ring finger— 
2 om. All called “one” 


Wrong 
Wrong 

















10 Right. O Wrong 

Br om, 2| 7 Right. 8 Wrong 

10 Right. 0 Wrong 

$ cm. -7| 10 Right. 0 Wrong 

Middle finger— O, hy j 

8 cm. All called “fone” 

1]10 Right. 0 Wrong 

4 om. 7 2 Right. 8 Wrong 

10 Right. 0 Wrong 

5 om. —y|-3 Right. 7 Wrong 


Here we see a steadily increasing tendency to call all the contacts 
“one” at wider distances, as we pass from finger to finger towards the 
centre of the disturbance. 

The account obtained from intelligent patients confirms the ndu 
sions drawn from examining the records. They complain that they 
cannot-feel the difference between one and two points. “I don’t feel 
two as I do on the other fingers,” said one of them in whom tactile 
sensibility was little, if at all, disturbed. “I have to stop and think 
how big the feeling is; sometimes it seems over a larger area, and 
then I say ‘two.’ I don’t really know at all.” This is the secret of this 
form of change; it is an “agnosia” of greater or less intensity. 

‘When; on the contrary, the records of the compass-test are disturbed 
by a defective and inconstant reaction to graduated tactile stimuli, the 
records exhibit a constant confusion. As many single touches may be 
said to be “two” as double contacts are recorded as “one.” For 
example, in No. 18, passive movements were perfectly appreciated in 
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all the digits, but the compass-test yielded defective records over the ` 
thumb, index, and middle fingers. This coincided exactly with the , 
extent of the disturbance of tactile sensibility; for, over the thumb, he 
did not give a perfect series of answers with any hairs of less bending 
strain than 35 grm./mm.’, whilst over the index finger even 100 grm./mm.” 
yielded a series in which he failed to appreciate six out of sixteen 
consecutive contacts. Over the middle finger, the condition was some- 
what better, and he responded to 23 grm./mm.’, which is still consider- 
ably above the pressure to which he reacted well on the similar digit 
of the normal hand. : 

Bearing in mind this defective reaction to contacts and the com- 
plete absence of any loss of spacial recognition, the following compass- 
records form a pronounced contrast to those given in detail above. 





Thumb— z 
l1 om. Al called ‘‘one” ’ É " 
1/6 Right. 4 Wrong 
Som. 2{6 Right. 4 Wrong 
Index finger— 4 
: 1; 5 Right. 5 Wrong 
L om Tle Right. 6 Wrong 
1[ 4 Right. 6 Wrong 
8 -om x 8 Right. 2 Wrong. 
Middle finger— 


: 1)7 Right. 8 Wrong 
Lom, =| S Right. 4 Wrong 
: 1/16 Right. 4 Wrong 
3 om, a 6 Right. 4 Wrong 


Ring finger— 
1 cm. Perfect record 


No. 15 gave a striking demonstration of the same sort of defect. 
By a remarkable chance, a wound of the vertex- had disturbed the 
power of recognizing passive movement in the left foot, and here also 
two-dimensional discrimination was somewhat defective. Touch was 
in every way normal. ‘Conversely, over the right foot tactile sensibility 
was grossly affected, but passive movements were perfectly appreciated. 
The contrast between the compass-records on the two feet is most 
instructive. 


a 


Right Sole (tactile loss)’ Left Sols (spacial loss) 
8 1 | 6 Right. 4 Wrong j 1j 10 Bight. 0 Wrong 
f om. -7| 8 Right. 6 Wrong’ om T| 6 Right. 4 Wrong 





i 1), 6 Right. 4 Wrong i 1) 10 Right. 0 Wrong 
iy 2 | 5 Right. 5 Wrong om. a9 Right. 1 Wrong 
è 1)_T Right. 8'Wrong 
om. @| 4 Right. 6 Wrong 
1,10 Right. 0 Wrong 
10 om. 3/5 Bight, 0 Wrong i 7 
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The patient complained that on the right sole he found great diff- 
culty, “because they all seem to run into one another. The touch 
seems to linger on here; it is difficult to find out, if it is the one you 
put on last, or if it is two together.” í ' 

Here a slight defect in two-dimensional discrimination on the left 
foot led to some double contacts being mistaken for single ones, whilst 
on the right sole the tactile loss resulted in confusion, evident in the 
records both of one and of two touches. 

(2) Topical localization (“ spot-finding ”) .—The method we have 
used for testing the power of one-dimensional localization is a compara- 
tively coarse test, and allows a considerable margin of possible error. 
Moreover, the results cannot be expressed numerically. The patient is 
` told that he will be touched over the various digits between the joints 
and that he is to indicate the exact spot on the hand of an assistant. 
The normal hand is first tested, so that he may understand what is 
required of him. This also enables us to judge of his natural aptitude 
and trustworthiness, before undertaking exploration of the affected 
parts. Any answer that lies over the correct’ phalanx is recorded as a 
successful response, and thus the margin of error may be nearly a 
centimetre distal or proximal to the spot actually touched. 

Then, too, ın contrast with the long series of experiments of 
Graham Brown and Stewart, I have as a rule made no more’than six 
observations on any one finger, a number utterly insufficient for any 
conclusion, except that topical localization was or was not affected. 
Each digit was then carefully re-tested for the appreciation of two 
points applied consecutively, which has been shown elsewhere (Head 
and Holmes, [4]) to be a closely analogous function. 

But, by selecting cases in which the various sensory activities of 
the cortex were dissociated, it has been possible to reach a definite 
conclusion. In this I-have been greatly aided by the patient’s own 
account of his difficulties. . 

In No. 3, the reaction to graduated tactile stimuli was perfect, but 
the three-dimensional aspect of sensation was disturbed in all five digits, 
reaching a maximum in the ring finger. I therefore chose the palmar 
aspect of the four post-axial digits for a more extended series of 
observations on topical localization. A tactile stimulus was planted 
on each phalanx in irregular order and the patient indicated on the 
hand of an assistant the position of the spot touched. Twelve contacts 
were made, first on the normal and then on the affected side; this was 
repeated three times on each hand to the number of seventy-two 
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observations in all. ‘Every touch on the normal hand was correctly 
localized, but the answers from the fingers of the affected side showed 
a defect increasing in the post-axial direction. Thus, whilst all nine 
stimuli were correctly localized over the left index, he made one mistake 
over the middle, two over the ring and six over the little finger. Of 
these six errors, one was placed on the wrong digit, three were. more 
or less distal, and two were proximal to the spot stintulated. ‘Two out 
of three mistakes on the middle and ring fingers consisted in choice 
of the wrong digit. 

‘This inability to decide which digit had been touched was ene 
evident in No. 22. The maximum point of the sensory disturbance 
was the middle finger, but in the thumb, index, ring, and to a slighter 
degree the little finger, he had difficulty in appreciating passive move- 
ment. Now, whenever he was asked to localize a touch over the three 
‘middle digits, his answers were slow and hesitating. He moved them 
backwards and forwards as if he was playing the piano, and then 
indicated the spot on my assistant’s hand, which he imagined I had 
touched on his own, lying hidden from his sight. He said, “I couldn’t 
tell which of the three fingers it was accurately : but, when I moved 
them, then I could tell.”. As a matter of fact, he was not always ` 
accurate, even in his selection of the finger that had been touched. 

In another patient (No. 19), there was some-loss of appreciation of 
passive movement in all five digits, reaching a maximum over the little 
finger. The tactile threshold was just perceptibly raised over the ring 
and little fingers; but the defect was extremely slight, and would not 
have been measurable, had he not been unusually sensitive over similar 
normal parts. But his power of localizing a touch was obviously 
defectivé. His answers were slow, and the tone of his voice gave a 
better idea of his state of doubt than the actual records. He said, 
“T have difficulty in making up my mind whether you are touching me 
on the little or ring finger.” Out of eight contacts, two were wrongly 
placed, and, with two others, he said he did not know on which finger 
they lay, though he finally chose correctly. When the compasses were 
applied consecutively with the points separased by a distance of 0'5 cm., 
‘he gave one false and one doubtful answer out of ten double contacts 
on the little finger; on the ring finger, he found “it was a great effort 
to decide whether it was one or two,” although he sel made“no 
mistakes. | 

Thus it would seem that, when localization is R because, the 
, spacial element in contact sensibility is disturbed, the error takes the 
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form of inability to decide on what’ finger, or ba what part of it, the 
touch: has fallen. f l 1 f 
This is a great contrast to the condition discovered in the thumb of 
No. 9. I have chosen this digit, because here the- power of recognizing 
passive movements was not affected, as it was in the index and middle 
fingers. The tactile threshold was raised, so that he did not give a 
perfect series of answers to any hair under 100 grm.jmm.? He had no 
doubt which digit had been touched; but he passed his indicating 


' finger.up and down, saying, ‘‘It was somewhere on the thumb, I can’t 


say where.” The thumb, the index or the middle finger were at once 
named correctly as the site of the stimulus, but he indicated vaguely 
the situation of the contact by rubbing his finger along the assistant’s 
hand, or in four out of eight observations brought it to rest at some , 
more proximal point. Some of these patients say, “The spot seems to 
be spread out, so that I can’t exactly say what part of it you have 
touched,” 

Such s condition is in exact Haanoas. with the change in contact 
sensibility discovered by testing with the graduated hairs. Not only 
does the touch seem to persist long after the hair has been removed, 


"but it seems as if “something was being dragged across the hand; as 


if a mosquito was dragging its leg along, not in the least as if you were 
touching me at one point only.” ‘This is the type of disturbance dis- 
covered when localization is disordered by a defective reaction of the 
part to contact stimuli. The touch seems to be spread out, and may 
be translated into a sensation of movement across the surface. 

(c) Texture——The power of recognizing various stuffs by feeling 
them with the fingers is obviously dependent on the accuracy of tactile 
impressions. But there is another aspect of this test, which demands 
the same faculty of appreciating essential similarity and difference 
underlying the recognition of weight and form. This appeal to two 
sides of cortical activity can be demonstrated by choosing suitable cases 
of sensory dissociation. If tactile sensibility is perfect, whilst the tests 
with various weights and shapes are manifestly affected, the power of 
recognizing stuffs by-their texture will: be disturbed in one direction; ‘ 
another sort of defect is found where touch is impaired, and weight 
and.shape can be appreciated without fail. 

No. 16 was a characteristic example of the first condition, the more 
striking, because the whole hand exhibited this form of dissociation. 


- Here, then, was none of that difficulty so often experienced when 


some fingers are affected, and others are not; the various stuffs could 
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be frankly placed in hia hands, and he could handle them freely in the 
natural manner. The index and little fingers of the two hands 
responded to a hair of 14 grm./mm.’, and the palms to one of 
21 grm./mm.*, showing that tactile sensibility was in no way defective. 
He was allowed to take each of the following stuffs into his affected 
hand and to palpate it as he might desire. It was then transferred to 
the normal hand. Flannel in the left (affected) hand was said to be 
“something rough,” but was recognized at once on the other side. 
Silk was said to be “smooth, silky,” but was called silk'in the normal 
hand; corded velvet and cotton were thought to be “something 
rough” on the affected side, though recognized as “corded stuff” and 


“cotton” over normal parts. When a piece of corded velvet, was 


placed in the two -hands at the same time, he said: “They are quite 
different stuff. The piece in the right, (normal) hand is corded; it feels 
rougher and thicker. The piece in the left hand seems smoother and 
more like calico: I don’t think it is silk.” 

It was not, however, the smoothness and roughness that were not 
appreciated, but the essential difference which enables us to give each 
textile material its specific name. It was, in fact, an “agnosia.” This 
view is borne out by the character of his answers to the tests for’ the 
recognition of form and of common-objects. In every case, with the 
wooden blocks in the left (affected) hand, he said, “I don’t know,” 
though they were perfectly recognized on the normal side. He had no 
difficulty in naming correctly a knife, penny, sixpence, and scissors in 
the right palm, but said, “ I don’t know,” when the same objects were‘ 
placed in the left. 

In No. 3, the perfect retention of tactile sensibility made it possible’ 
to show how the loss of recognition of weights and textures runs parallel 
in the three affected fingers. 


' Addition and subtraction of weight Texture s 


ETE Onan ee noe 
-- | Perfect. (No mistakes in 12 tests) .. | Perfeot recognition. 
.. | Perfect. (No mistakes in 12 tests) .. | Perfect recognition. 

- | 7 right and 6 defective answers .. |2 wrong out of 4. Velvet called 


“ oslico,” cotton called “flannel.” 





\ | 6 right and`7 defective answers . |8 “dont know.” Flannel named 
corzectly. 
. | Gross loss. -Inability to tell if'there | Gross loss. ‘Something rough; I 
was weight on the hand or not can't determine what it is,” was his 
/ answer to each of the 4 stuffs. 





Contrast this progressive agnosia with the series of answers given’ 
by No. 18. In this case, there was no difficulty in appreciating the 
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re 


. relation between weights, but tactile sensibility was distinctly affected 
in the same fingers where recognition of texture was disturbed. 
\ 






















Perfect record with 21 grm./mm.? R. | Perfect answers. No difference between 
‘) and L. Not ye perfect in either | the two hands. 
thumb with 14 grm./mm.! 


Index .. | Perfect record with 14 grm./mm.? R. | Perfect answers. No difference. 
and L. 
Middls ` .. | Perfeot record on the normal hand All answers correct, but he said ‘It is 


with 14 grm. /mm.?; imperfect record 
on affected hand. With 21 grm./mm.* 
he gave a perfect record R. and L. 
` but said it was ‘‘clearer” on the 
normal side 
Ring | .. | Perfeot record on the normal hand with 
i 14 grm.jmm.?. Defective answers 
on the right hand with all hairs 
of less than 23 grm./mm.*. He said 
‘¢Té doesn’t feel like a sharp point at 
.all, Itisasif you were touching me 
with your finger” . 


more difficult on R. (affected), because 
it is not so sharp, it is duller.” 


, 


None of his answers were quite correct. 
He said “ I can tell it’s a bit of cloth 
but can’t tell if it is rough or smooth 
in the R. hand so well as in the L.” 








` Patients, in whom the loss of recognition of texture belongs to this 
class and is associated with want of tactile sensibility, usually attempt 
to name the stuff placed in their hands; but they frequently add some 
explanation of the difficulty they recognize in determining the character 
of the material. They say, for instance, ‘That is cotton, I think, but 
I can’t feel it so well as in the other hand.” ‘I can always feel the 
silk, but it is with the rougher materials that I have difficulty.” 

I think, therefore, that we are justified in concluding that the test ' 
for the recognition of various stuffs by their texture depends on two 
factors in cortical activity: firstly, on the power of appreciating 
similarity and’ difference, and, secondly, on an orderly response to 
contacts of graduated intensity. In the one case, the patient’s answer 
approximatés more or less to, “I don’t know what it is,” whilst in the 
other he has a greater tendency to hesitate and to be puzzled by the 
curious sensory differences in the two hands; generally, however, he 
makes a guess, which would be recorded as a normal answer were it 
not for the explanation’ with which itis so frequently qualified. 
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CHAPTER V.—SUBOORTICAL LESIONS. 


We have analysed elsewhere the` effect produced by a subcortical 
lesion on sensation (Head ‘and Holmes [4], p. 174); and such condi- 
tions do not materially concern’ the aims of the present paper. But it f 
is obvious that many gunshot wounds of the brain must injure, more or 
less severely, other parts than the cortex; some of the signs which 
appear, even in such carefully selected cases as those I have chosen for 
my examples of cortical interference; may be due to some disturbance of ` 
deeper structures. It is. necessary, therefore, to consider shortly those 
differences in response to the various sensory tests which point to 
subcortical interference with afferent impulses. Then only will it be 
possible to determine, in any particular case, the extent to which the 
disturbance of sensation is due to more superficial or deeper destruction. 

` The ‘following general | rule can be laid down from a study of 
undoubted subcortical injuries, which have spared both the receptive 
and essential organs of the optic thalamus. "Whenever a stimulus can 
be appreciated, a threshold can be obtained. For we are dealing with 
the results produced by interference with incoming impulses, and not 
with destruction of their receptive. centre. ; 

The closer the lesion lies to the internal capsule, the more extensive 
is usually the loss of sensation, and the more certainly does it tend to 
assume a hemiplegic distribution. Face, arm and ‘leg-are all more or 
less affected, although one part, such as the hand or foot, may be more 


` gravély disordered than the rest of that half of the body.- Thus, 
‘although we cannot attribute such cases as I have described in this 


paper, in every instance, to uncomplicated cortical lesions, we can: be 
certdin that they are _ not! dtie to injary of the afferent fibres of the 
capsule. 

Secondly, the loss of sorantian is extremely severe, compared with 
that caused by more superficial injuries. Stimulation with cotton wool 
can be appreciated over hair-clad parts, but not over the palm of the 
hand, or the sole of the foot; for it must be remembered that move- 
ment of the hairs makes a potent thalamic appeal. Should either of 
these parts retain some‘sensibility to measured tactile stimuli, there is 
none of that uncertainty seen in cortical cases; the patient does not 
respond to contact of the lighter test-hairs, and each increase in strength 
is associated with a progressively larger number of correct answers. 

The loss of appreciation of posture and movement is often so severe, 
that the patient not infrequently fails entirely to recognize the position 
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into which the limb may have been moved passively. When he wakes 
af night, he has no idea where to find the affected parts, although 
he is still conscidus of the existence of his hand or his foot. Should 
the disturbance be less severe, the threshold will be raised, but the 
range of movement required to excite a response can be measured with 
greater accuracy than is the case with a cortical lesion. Thus, from 
15° to 20° may be required before a movement is appreciated, instead 


-of 1° as on the normal side; but all the ten measurements may fall 


between these limits, instead of ranging widely from 10° to 45°, accom- 
panied by errors of direction and hallucinations, as is so common with 
injuries of the cortex. 

The compass-test usually suffers severely from the coincident dis- 
turbance of spacial and tactile impulses. Even when the points are 
separated .to the widest extent possible within one segment of' the limb, 
every application is said to be “just a touch ; they are all the same.” 
Contact is appreciated, but contains no element of “oneness” or 
“ Gwoness.” 

Topical localization is gravely defective, as might have ‘bean expected 
from the other aspects assumed by the sensory loss. . Here I believe 
there is a definite tendency to indicate the site of the stimulated spot, 
not only on wrong digits, but proximally to its true situation. In one 
case, out of fourteen contacts on various parts of the fingers and thumb, 
one only was correctly localized; all the others were referred too low 
upon the digits or to some spot on the dorsum of the hand. 

Ice and water at 50° C. can be appreciated without fail in uncompli- 
cated cases of capsular injury, but, not uncommonly, are thought to be 
“colder” or “hotter” on the affected side. There is, however, no 
widespread over-reaction so characteristic of lesions that have entirely 
freed the thalamic centre from cortical control. The loss of thermal 
sensibility is shown by the want of response to such temperatures as 
94° C. and 88° C., and all that lie between them.’ Upper and lower 
limits vary in each case, but it is the central portions of the thermal 


“scale that are affected. 


The threshold for measured prick is not infrequently somewhat 
raised; even if it happens to be the same on the two sides, the stimulus 
is said to be “less sharp” or “blunter”’ over the affected than over 
normal parts. 
~ All such faculties as the power of appreciating weight, form, size 
and texture are lost. The patient can tell when a weight has been 
added or rémoved carelessly, so as to produce a jarring contact; but he 
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cannot tell if the remaining pile is lighter or heavier in consequence of 
the manipulation. He is also conscious that some of the blocks, used E 
in exploring his appreciation of form, have sharp edges and some have 
none; but he is unable to recognize that they have any shape. Occa- 
sionally he knows that some of the tests for texture are rougher, and 
some are smoother, but he has no idea of their nature. 
` Here we see the effects of interrupting afferent impulses on their 
way to the cortex after the ‘point at which they can influence the ,~ 
essential organ of the optic thalamus. In such cases, there is almost l 
always a coincident affection of the pyramidal tract, usually accom- 
panied, at any rate, in the later stages, by some spastic rigidity. 
Such a clinical picture differs profoundly from that of' the cases on 
' which this paper has been based, both in the character and distribution 
of the loss of sensation. But it helps us to understand the form 
assumed by the sensory disturbance when subcortical tissues are 
affected by the injury, with or without pestepetion of the grey matter 
on the surface.’ 
` ` Now it sometimes happens, that a gunshot wound of the skull 
strikes some part of the brain, outside the primary motor and sensory 
centres and passes backwards or forwards amongst subcortical struc- 
tures. Provided the destruction of tissue is limited, and the wound 
“ heals well without the formation of a cerebral hernia, it may be 
possible for the sensory disturbances on the hand to be unequally 
‘ distributed over the various digits; and yet the character of the reaction 
to the various tests shows, that the cortical centres have not, been. 
destroyed. The character of the loss. of sensation is still that, which 
we have learnt to associate with blocking of afferent impulses. 
: No. 6 was a superb example of this condition. He was wounded 
on July 3, 1916, in the frontal region well in front of the motor area. 
I saw him first a fortnight later; but it was in March, 1918, that I had 
the opportunity of making the extensive series of observations on which 
are based the following conclusions. At that time, the various digits of 
his right hand reacted ii the meaeed sensory tests in the following ` 
manner. ; 
From this table it is obvious, that the sensory disturbance became 
. steadily worse on passing from the thumb in the direction of the. little 
finger. But it is to the character of the reactions, rather than to the 
distribution of the defective sensibility, to which I am anxious to call 
attention. On any one finger, the highest and lowest number of 
degrees necessary for the appreciation of passive movement lay much 
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closer to one another than is.the case in pure cortical lesions. It was 
possible to obtain a true threshold in each digit, unhindered by those 
inconsequent irregularities and hallucinations of movement which so 
frequently mar the records in most of the examples illustrating this 
paper. Throughout the whole series of fifty observations on the 
various -digits, there was but one instance of wrongly named direction ; 
whereas, in cortical cases this is one of the most frequent errors. ' 
Perhaps the most striking difference between the reactions of 

this patient and those we have noticed in cortical cases was exhibited 
by the tactile hairs. Not only did the loss of sensibility increase 
digit by digit with strictly measurable increments, but in every 
case it was possible to obtain a threshold. Compare such a record as ` 
that from the index, ring, or little finger with those obtained in 
No. 17 (p. 101). To the lighter hairs he made no response; then, as 
the strerigth of the stimulus was increased, he began to appreciate the 
contact, until, with some one of the hairs of sufficient bending strain, 
a complete series of answers was obtained. We had then passed the 
maximum threshold. Even on the little finger, where the response was 
imperfect to the strongest hair that-can justifiably be employed, we can 
trace the steady snproyement in the record wie each increase of 


‘intensity. 


R. (affected) 


t 


L (normal) 
Index finger— 
14 gr./mm.3 : — iiiiiiiaiiiiiiii 
li y No response ' 
2l Cy, oo0000001000001i00 
n tS as ooioiiifiriiiili s 
85 yp {i1iziiiiliiiiii 
Bing finger— BSa 7 
Y gr./mm.? ay iiiiiiiiiiiiiiii 
a No response 
a si s 
V N coco00000i000000 
85` p oooocoiooiooioloo 
70 4, ` iliooiiioolooiti 
mo p ìiaiinjridiiiiii 
Little finger— 
14 gr./mm.? diziiai1iiiiiili, 
u No response 
21 ” ” 
‘ 28 » t ©» ‘ 
85 y o000ic0i000000000 
70 oo0000i0100100100 
110 .,, oiiioiioooiooioo ` 


The eoii of the tests for appreciation of weight, form, and. 


texture also differed fundamentally from those to which we are accus- 
tomed in cases of uncomplicated cortical lesions. When weights were 
added or subtracted in irregular series, he first complained that it was 
a not so easy” on the affected finger; then a greater defect was shown 
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by a tendency to miss the removal of a ae although he did not fail 
to recognize its addition to the pile. Finally, on the little finger he did 
not respond to seven out of the twelve additions and subtractions. 

The appreciation of texture ran pari passu with tactile sensibility, 
and all the statements of the patient ee to @ strict relation between 
the two defects. 

- Recognition of form was, however, eT in the thumb and index 
finger; it nowhere, showed the gross loss that would have accompanied 
so considerable a disturbance of the appreciation of weight, had the 
lesion been cortical. 

One of the most striking features was the steadily rising threshold 
for measured prick, on passing from the thumb towards the little finger. 
` This phenomenon will be dealt with in a subsequent chapter (p.141). 

Another significant aspect of this case, was the affection of the foot. 
Had the patient suffered from an uncomplicated cortical lesion pro- 
ducing the graded loss of sensibility on the hand, it is unhkely that 
the lower extremity would have suffered; or it would have formed the - 
central focus of the disturbance to which the condition of the hand was 
an insignificant accessory. The wide extent of the affection of 
sensibility, eighteen months after the wound was healed, associated 
with the comparative slightness of the disturbance at any one part of 
the field, point to an interference with afferent impulses on their way to 
the cortex, rather than the destruction of cortical centres. 

These records prove that the permanent effect of a high subcortical 
lesion on sensation is shown by straightforward raising of the threshold 
rather than by irregular, inconsequent, and uncertain responses. 
Impulses, which can pass the block, give tise to normal sensations; the 
patient reacts to the graduated intensity or changing character of 
the stimulus, whatever its nature. 

The closer a subcortical injwry lies to the surface of the brain, the 
more nearly does the character of the sensory loss approximate to that 
produced by lesions of the grey matter. But the grouping of the 
disturbed sensibility always tends to diverge more or less from the 
three categories: recognition of spacial relations, reaction to graduated 
intensity, dnd appreciation of the character of the stimulating object. 
For afferent impulses still remain grouped according to their sensory 
quality, until they have been subjected to the ane oeng activities of 
the cortex. 

In each instance of a superficial lesion of, the brain, we must 
analyse the defects of sensation according to-these criteria; a definite 
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“and orderly progression from complete: insensibility to a clear supra- 
liminal response points to subcortical interference with afferent 
impulses. Irregular answers, inability to come to @ conclusion, hallu- 
cinations whether of contact or movement, show that the disorder is 
due mainly to sensory centres. In many cases, the disturbance of 
sensation shows both these characteristics, a high threshold and 
irregular response; and there is little doubt that many gunshot 
wounds of the brain produce their effects by destroying both cortical 

r and subcortical tissues. - 


CHAPTER VI.—Txsts WHICH APPEAL TO THE CORTEX AND TO 
THÈ Optic THALAMUS. 


§ 1.—Meagured Prick. 


No test is more difficult to devise than a measurable painful stimulus. 
Pressure is too coarse, and is liable to harm the delicate structures of 
the skin. Electrical methods are too uncertain and variable in their 
effect, ‘changing with conditions over which we have no control, such as 
the conductivity of the superficial tissues. A ‘prick is the ony effective 
means of applying a measurable painful stimulus. 

There are, however, several reasons why it is far more er 
and uncertain in its effect than any other measured test amongst those 
we have habitually employed. I pointed out above, when we were 
considering the phenomena of punctate sensibility, ‘that the reaction 
of the pain-spots was extremely variable. The fact that the stimulus, 
to be effective, must actually puncture the skin makes a long series of 
observations impossible. After systematic exploration with the point 
of a sharp needle, the surface structures are injured. This is not the 
case with heat- and cold-spots, provided. suitable temperatures are used 

. in the examination. 

A second difficulty arises from the fact that the first effect produced 
by pricking with a sharp needle is recognition of an acutely pointed 
object; further pressure adds to this a sensation of pain. It is almost 
impossible to prevent the patient from saying he is pricked, whenever he 
appreciates that the stimulus is a sharp point, and, if he is told to wait 
until he obtains a distinct sensation of. pain, we run the risk of placing 
the threshold too high. 

Now this appreciation of the pointed nature of the stimulus is a 
discriminative faculty which, on the lowest level, is ‘associated with 
epicritic sensibility. It is bound up with the processes underlying 
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recognition of the size and spacial extent of objects in contact with 
the surface, and is one of the most potent factors in controlling the 
diffuse and radiating responses of the protopathic stage of recovery. 
Thus, from its inception at the periphery, the effect produced by a prick 
makes a double appeal. On the one hand, the pain it evokes is a 
function of thalamic activity, whilst the discriminative ‘aspect, the 
“sense of a point,” is the product of cortical centres. 

This is evident in cases where the optic thalamus has been freed 
from cortical control; the threshold for the discomfort produced by 
pressure is almost always lowered, under favourable conditions, on 
the affected side. But the threshold for prick is usually somewhat 
raised, in spite of the great increase in the vividness of the reaction, 
once it is evoked. The strength of the stimulus may have to be raised 
from three to eight grammes; when, however, it is increased sufficiently 

to produce a sensation, the pain and general reaction is enormously. 
greater on the affected side. Evidently something has been lost in 
acuteness of sensibility by the removal of the activity of the cortex. 
This is not only that “ sense of the point,” which has nothing’to do even 
introspectively with pain, but consists of a certain blunting to pain 
itself. The threshold is raised even to the painful aspect of a prick, 
whilst it is lowered to the more direct discomfort of excessive pressure. 
Evidently, then, the sensory effect produced by a prick owes some- 
thing to the physiological activity of the cortex. But this is so 
small, compared with the overwhelming part played by the optic 
thalamus, that it can only, show itself in the records, when a large 
extent of the cortex is prevented from exercising its sensory func- 
- tions. This is most easily brought about in practice by destruction 
of the fibres of .the centrum ovale; for in this situation a com- 
paratively small lesion can throw out of play, by undercutting, a large 
area of the cortex. Thus we find, that subcortical lesions, with or 
without destruction of the superficial centres, are liable to be associated 
‘with a distiùct raising of the threshold to prick. 

Pure cortical destruction, on the other hand, produces as a rule no 
true raising of the threshold, unless it is much more extensive than that 
of the examples cited in this research. “It may produce change in the 
sensation to prick, which the patient recognizes on introspection; 
the two hands “feel different.” He says it is “plainer,” “sharper,” 
or “more distinct” over normal parts. Sometimes an intelligent 
patient will add in explanation, “It is more of a point” on the 
unaffected side; or “In the good hand it seems like a little wire 
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sticking into me, but in the bad hand it is like the point of a blunt 
pencil.” Sometimes the whole character of the stimulus is said to be. 
changed; “It tingles,” ‘‘ It is like electricity.” à 

Thus we can sum up as follows our present experience of the effect 
produced by a cerebral injury upon sensations of pricking. 

(1), A gross subcortical lesion tends to raise the threshold to 
measured pricks distinctly, but not to an extréme degree. 

(2) Injury to the cortex, uncomplicated by destruction of subcortical 
tissues, does not tend to raise the threshold materially. But it may 
produce a profound difference in the character of the sensation;, this 
is due, in great part, to disturbance of that aspect of ee 
“sometimes called the “sense of a point.” 

(3) Cortical activity, however, probably exercises a distinct RTE 
even. over the appreciation of the relative intensity of successive pricks. 
But this is so slight that it was not measurable in most of the .cases of 
injury extending oyer a comparatively small area which formed the basis 
of this research. i 


§ 2.—Vibration. 


Disease or injury, at lower levels of the nervous system, frequently 
destroys all power of appreciating the vibration of a tuning-fork. But 
80 grave a loss never occurs in consequence of a stationary lesion of the 
cortex, unless it happens to be associated with epileptiform attacks or- 
other causes of shock. 

This is not to be wondered at, when we consider that a large tuning- | 
fork, beating strongly, is a stimulus to two aspects of sensation. First 
of all it produces a series of jarring contacts, which appeal to the activity - 
of the optic thalamus; and, as a matter of fact, vibration is appreciated 
in many cases where the thalamic centre has been freed from cortical ` 
. control, although the character of .the sensation is entirely altered. 
Secondly, the tuning-fork produces rapidly repeated movements of small 
range; these can be recognized, provided the appreciation of passive 
movement is shown to be normal by the usual method of measurement. 
Thus, in its two aspects, as repeated crude contact stimuli and as a- 
series of small passive movements, vibration makes a double appeal and 
cannot fail to excite sensation of some kind, unless the block lies in or 
below the termination of the fillet. ; 

‘Almost all the cases, on which this research is based, showed. some 
definite shortening of the period during which vibration could’ be 
appreciated. Occasionally, the patient volunteered the statement that it 
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was “plainer” or “stronger” over normal than over abnormal parts ; 
but usually he made little comment on any introspective difference 


` between the effect of this test applied to the two hands. 


A large tuning-fork, beating 128 vibrations in the second, is brought 

into contact with the terminal phalanx of one of the fingers, whilst the 
hand is fully supported on a pillow. The patient is asked to say when 
.the vibration ceases ;’as soon as he indicates that it is no longer per- 
ceived, the fork is transferred to the corresponding portion of the other 
hand. Under normal conditions the vibration usually becomes appre- 
ciable again for a time. The period between the transference of the 
fork to the other hand and the moment when its beating can no longer 
be recognized, is measured with a stop-watch. In healthy individuals 
this may last from five up to fifteen seconds; but a few persons allow 
the fork to ran down so far on its first application that it has ceased 
to beat-before it is transferred. .Both these modes of reaction are 
normal, provided the measured periods are approximately equal from 
right to left and from left to right. Thus it may happen that, in the 
éne form of normal response, the records read as follows for four 
observations :— i ' i 


Right to left = 3 -+ 6 seo. + 4 sec. 

Lefttoright .. .. + 5 seo. + 4 sec. 
or according to the other mode of reaction, `’ 

Right to left .. .. + Oss. + Ose. ` 

Left to rig ss Se i + 0 sec. É + 0 sec. 


In neither. instance was there any material difference between the two 
hands. 

But, whenever sensibility to this test is diminished in consequence 
of a cortical or subcortical lesion, the period during which vibration is ' 
` appreciated will be found to be shortened to a greater or less extent on 
the affected side. Transference from an abnormal part to a similar one 
on the other half of the body is associated with a prolonged period of 
‘renewed appreciation; but, on the contrary, moving the fork from a 
normal to an affected part leads to no ‘further vibratory sensation. 

The records on the next page were obtained in No. 17 by this method. 

These ‘figures are typical of the answers obtained in the cases of 
cortical affection dealt with, in this paper. The thumb was obviously 
normal, but the measurements from the index finger showed a slight 
shortening, when the fork was transferred from the normal’ to the 
abnormal hand. Such small differences lie within the limits of experi- 
mental variation ; they would have been of no significance had not the 
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readings from the middle finger shown the same tendency in a higher 


degree. On the ring finger this difference was greatly increased. ' l 


Finally, over the little finger the defective sensibility to vibration 
appeared in ité extreme form, and it was not appreciated at all when 
transferred from'the normal to the affected hand. 


$ 8 sec. + 9 seo. 
'  4..8 see, + 7 seo. 


+ 12 sec. + 11sec, `’ 
-+ 9 sec. -+ 8 sec. 


Liss ae + 10 sec. ` -+ 10'%e0. 
R... e + 6 sec: g + 6 sec. 
I... ae +.15 seo. + 14 sec, 
From Ty to R. .. ee -+ 8 seo. + 5 sec. 


From R. to L. .. hia -+ 15 Bec. 
From L. to R. .. be ' + 0 Bec. 


t 


+ 10 sec. ia: 

> -+ 0 geo. 
Evidently the five digits were not in the same condition. The 

thumb was unaffected, but the disturbance steadily increased in a post- 

axial direction and reached its maximum over the little finger. When 


_ we compare the extent of this loss with that shown by the other means 


of sensory exploration, it is found to correspond exactly with that revealed 
by measured movement. To this test’also the thumb- was normal, the 
index was somewhat affected, and the middle, ring and little fingers’ 
showed grave loss of sensibility; no other method of examination 
revealed such extensive disturbance. 

Throughout all these cases of cortical and subcortical injury, there 
is the same close correlation between the loss revealed by measured 


, movement and by.vibration, not only in the number of digits affected, | 


but also in the gravity of the disturbance. In the one instance of my 
series, where in spite of other disofders of sensibility passive move- 
ments were ‘perfectly appreciated, all the digits of the affected hand 
gave normal answers to vibration. 

In the following table I have combined the records of a series of 
cases to the two tests. The number of degrees required for recognizing ` 
the direction of a passive movement are given in the upper line, whilst 
the shortened appreciation of ‘vibration on the affected hand is recorded 
in seconds below. It will be seen how closely the extent of the loss, 
measured by the number of digits, corresponds with the two tests; at 
the same time they show a remarkable agreement in the relative degree 
of the disturbance on any one finger. Individual differences always 
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occur, and it must be remembered that the two sets of records -are 
. rarely made on the same day. For a set of observations with the 
tuning-fork must be made when the patient is fresh and free from 
fatigue. 

Both measured movement and vibration, as we have employed it, 
appeal to the same aspect of cortical sensibility, but for practical pur- 
poses the former is the better test; for it is capable of revealing those 
curious irregularities of response, ‘so characteristic of cortical affections, 
which appear in the form of hallucinations of movement and positive 
errors in direction. Moreover, some individuals do not give constant . 
answers to the tuning-fork, as we have applied it, and this tendency ` 
may be aggravated in cases of injury to the brain. But, on the other 
hand, many of the patients with whom I have had to deal in this 
research responded surprisingly well: They were all young and not 
infrequently looked upon this test as a game to be played to the full 
extent of their capacity ; in such instances the records showed not only ' 
the graduated loss from finger to finger, but remarkable relative con- 
stancy on different occasions. But it is all important that the observa- 
tions should be made alone, in a quiet room, and at the beginning, 
rather than at the end, of a series of sensory observations. 

From the periphery upwards, a normal response to the tuning-fork 
test has been shown to be associated with impulses arising in the deep 
afferent system. So lòng as deep sensibility is intact, vibration can 
be appreciated ; but, during their passage through the ‘spinal cord, all 
impulses arising in subcutaneous end-organs pass away into secondary 
tracts, with the exception of those underlying recognition of posture and 
movement and the vibration of a tuning-fork. A suitable lesion of the 
posterior columns.can abolish all power of responding to these tests. 

But, above the point where the fillet ends in the optic thalamus, no 
lesion produces complete insensibility to vibration, except under con- 
ditions of neural shock. We have no right, therefore, to speak of the 
projection of “ deep” sensibility “on the cortex of the brain.” Vibra- l 
tion of a tuning-fork is affected by a cortical or ‘subcortical lesion, 
because it is one method of testing the same faculty which underlies . 
-appreciation of passive movements. The power of recognizing a series ` 
of minute and rapidly repeated vibratory changes is a function of the 
discriminative, mechanism of the brain. 

From the periphery to the cortex, vibration and passive movements 
evoke sensation or are abolished together. So far I have explained this 
coincident response to the two tests as a consequence of the basic 
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similarity of the physiological changes on which they depend. For in 
both of them sensation is evoked by afferent impulses, caused by a 
series of minute passive movements. But closer consideration shows 
that there is a deeper cause for their fundamental identity. 

‘Both tests depend on the integrity of the deep afferent system ; but 
any sensory loss due to a peripheral lesion is mixed up with disturbance 
of other aspects of sensation, which also depend on subcutaneous end- 
organs. Injury to the posterior columns of the spinal cord may, how- 
ever, abolish all power of recognizing passive movement and vibration. 
Tactile sensibility is perfect; the patient can appreciate the lightest 
touch and frequently is able to recognize that something is happening 
to that part of the body which is being: moved; but the tuning-fork 
seems to him nothing more than a round flat object pressed upon the 
skin, and all perception of movement is absent. 

Now at first sight it is difficult to’: see why the repeated jarring 
contacts of the vibrating fork are not appreciated as a succession of 
touches, for tactile sensibility is perfect. The manipulations used in 
testing appreciation of passive movement evoke a series of stresses and 
varying tactile impressions from joints, tendons and surrounding struc- 
tures; but in order that these may yield a sensation of movement they 
must be recognized as an orderly sequence, tending in a certain 
direction. In the same way, vibration must produce the impression 
of a series of minute contacts consecutive in ‘time. 

Passive movements of any part of the body not only lead to changes 
in place, but also give the impression of duration in time; we can 
recognize by introspection that they are taking place in a certain 
direction and that they occupy a definite period; but the immediate 
result of such manipulations is the conviction that the limb is being 
moved in space. On the other hand, vibration is directly translated 
into its_temporal aspect; it produces a series of movements of small 
range, which give rise primarily to the perception of a sequence in time. 
It is possible introspectively to recognize that the beating fork produces 
rapidly repeated contacts; but its dominant psychical effect is recogni- 
tion of succession in time. 

I should like to suggest that both these tests appeal to the same 
physiological functions.” Such a hypothesis is rendered probable by 
considering the significance of vibration in the life of such a vertebrate 
as the fish. The organs of the lateral line, so umportant in the main- 
tenance of posture, respond to vibrations of the water around, and the 


creature is enabled thereby to maintain its balance in a shifting 
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medium. Here we see the close association between vibration and: 
spacial recognition. But the highést and most perfect of these lateral 
line organs is the so-called ‘‘ear” of a fish. This is the exact homo- 
logue of the internal ear of man, but obviously has nothing to do with. 
hearing in the human sense; for it is adapted to pick up and respond 
to vibrations in the water around. But, like one part of the internal 
ear in man, it is peculiarly associated with posture. Thus, from a 
developmental point of view, vibration and changes in posture are 
closely associated together, and I believe that even in man they evoke 
the same afferent physiological consequence. 7 

The two forms of movement produce a sensation of orderly sequence 
both in space and time. But, when the part is moved in one direction 
passively, the dominant sensation is one of succession in space; when, 
however, the stimulus is a series of vibrations, we obtain the impression 
of succession in time. For other sensations tell us that the base of the 
tuning-fork has remained throughout on the same spot, covering exactly 
the same area; attention is therefore concentrated on the time aspect 
_of the stimulus rather than on the nature of the minute changes in 
posture it produces. 

The corresponding physiological processes, due to bati ‘and to 
passive movement, are translated into a predominant recognition of an 
orderly series of changes in space or in time, according to the: con- 
comitant impulses by which they are attended. From the point of 
view of somatic sensation, recognition of successive movements in time 
and in space are the psychical, correlatives of the: same physiological 
functions. 


CHAPTER VII.—Hyporonta. 


It is not my intention to attempt a systematic account! of the 
changes in tone produced by lesions of the cortex; but I cannot close ° 
this paper without describing that curious hypotonia which so 
frequently accompanies sensory disturbances of cortical origin. This 
is the condition to which Guthrie [3] has drawn atterition in his 
paper “On Muscular Atrophy and: other Changes i in Nutrition asso- 
eet with Lesions of the Sensory Cortex.” 

23 was an excellent example, not only of this hypotonia, but of 
its kari phenomena. . No photograph can give any but a shadowy 
indication of the profound difference between his two hands (see p. 237). 
The affected hand [left] resembled that of a woman, and was soft and 
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rounded with delicate fingers; the right hand was that of a man 
capable ‘of hard manual work. Its surfaces were squarely modelled, 
the palm broad ‘and flat, and the fingers had an appearance of shortness 
in relation to the hand as a whole. The left hand, on the contrary, 
was rounded and soft; its lines were less deep. The fingers seemed to 
be longer and thinner than those on the normal side, although by 
measurement they were actually a little shorter. This illusory appear- 
ance was due to the smaller width of: the left palm, which measured 
. 8 cm., compared with 9 cm. on the right hand. The tips of the fingers 
were spatulate on both hands, but less so on the left than on the right, 
The interosseous spaces were not wasted; they seemed, however, on 
the affected side to be occupied by smaller and softer muscles. There 
was no obvious difference in the skin of the two hands, no change in 
colour and no cyanosis. The patient had done no manual work for 
four months, and both hands were white and free from corns. The 
- ‘difference between them was immediately evident on contact. In the 
act of shaking hands, the right grip. was firm and well sustained ; 
I was conscious of the elastic pressure of the contracting muscles of 
the palm and of the tension of the fingers; I had the feeling that, if 
the patient chose to increase his grasp, it might become painful. But 
when I gave my left hand into his, it was like the impression received 
from the hand of a woman. My fingers seemed to be in contact with 
something soft and without resistance ; me pressure was orderly, but 
gentle and harmless. 

All the digits of the left hand could be bent back passively one by 
one to an abnormal extent; even the thumb seemed to be hypotonic. 
But the fingers were not paralysed. Individual movements of each 
digit could be carried out, so long as the eyes were fixed upon them, and 
the tip of the thumb was approximated without difficulty to that of 
each finger in turn. But the movements were leisurely and without 
virility. So long as his eyes were open, the constituent parts of the 
affected hand remained in alignment with one another, and the thumb 
did not droop when the limb was extended in front of him.. ` 

But, as soon as the eyes were closed, the little finger dropped away 
from its position, and all the digits tended to fall out of line when 
abducted. There is nothing specifically diagnostic about this ataxy and 
defective attitude of the hand; it occurs on closing the eyes whenever 
the power of recognizing posture is disturbed by a lesion of any suit- 
able part of the central nervous system. ` 

Before passing to consider in closer detail this hypotonia, which 
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so commonly accompanies lesions of the sensory cortex, it is necessary 
to define the condition with which I intend more particularly to deal. 
Sensory changes of cortical or subcortical origin are not of necessity 
associated with hypotonia, In one éase, the fingers may be atonic, and 
in another tone is not diminished, and yet spacial recognition is equally 
disturbed in both. The key to the difference between the two groups ` 
lies in the presence or absence of coincident affection of the motor 
mechanism. -If the disordered sensation is associated with inability to 
carry out individual movements of the fingers, tone may be normal, or’ 
is, at any rate, not diminished apart from gross paralysis. The deep 
reflexes of the affected limb are usually somewhat increased. Both 
these defects point to some primary disorder of the motor mechanism 
additional to, and not consequent on, the disturbance of sensibility. 

Now my principal interest in this paper is with those cases where 


‘none of these accessory motor or reflex signs were present, and yet 


hypotonia existed in a distinctive form. For under such conditions the: - 
loss of tone is distributed according to the gravity of the sensory loss. 

But the hypotonia does not depend indifferently on all aspects of 
want of sensibility, nor on the incidence of the maximum general 
disturbance; it is associated peculiarly with defective appreciation of 
posture and passive movement. 


This cannot be proved by such cases as No. 23, for the sensory ` 


defects were too widely distributed over the affected hand. But in the 
case .of Lieut. J. [No. 15] the various aspects of sensation were 
disturbed independently in the two feet, owing to a wound of the 
vertex. On the right side all spacial tests were well recognized, but 
tactile appreciation whs grossly affected. Here tone was not disturbed. 
In the left foot, however, the spacial aspects of sensibility were 
measurably affected, and the great toe was profoundly hypotonic. It 
could be pushed backwards to such an extent that it came to form 
less than a right angle with the line of the dorsum of the foot, whilst 
the right great toe could not be brought up to subtend an angle of 
less than 120°. In this case, sensation was disturbed on both feet in 
consequence of a cortical lesion, but the hypotonia was on the side of 
the loss of spacial appreciation. 

Not only is the tonic condition of the hand as a whole dependent on . 
the state of spacial appreciation, but this is true for each individual 
digit. I have shown that the different parts of the hand may‘be in a 
very different sensory condition; some fingers may be grossly affected, 
whilst others exhibit no change of any kind. 
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The following table has been constructed to show the close associa- 
tion between the condition of spacial sensibility and the tonic state of 
the various parts of the hand. The most delicate indication ọf disturbed 
appreciation in space is the power of recognizing passive movement. 
Thig has been recorded in degrees for each digit in turn and the condi- 
tion of tone indicated below. It is at once obvious how closely the two 
physiological states are associated with one another; the fingers, where 


the loss of spacial sensibility is. profound, sare'at the same time those | 


which are hypotonic. 

How closely the amount of hypotonia is associated with the degree 
of defective spacial appreciation was evident in such a case as No. 12, 
fifteen months after a bullet wound of the left parietal region. He 
‘complained that when he played the piano, there was “a want of 
purpose” in the ring and little fingers of the right hand; “I cannot 


_ rely on them, and they will probably blur the note, unless I watch them ` 


very carefully.” “These fingers and the corresponding part of the 
hand,” he said, “hardly seem to count, compared with the others, in, 
anything I do.” : i 

But he had .no difficulty in carrying out isolated movements and 
approximating the tip of each digit in turn to that of the thumb, 
provided he was allowed to fix his gaze upon them. When he held 
out both hands in front of him, even the little and ring fingers were in 
alignment with the others, so long as his eyes were open; but as soon 
as they were closed, the two ulnar digits fell away, whilst the thumb 
ahd index fingers remained as strictly in position as those of the normal 
hand. l , ' . , 

Now it will be seen from Table A that there was no loss of 
spacial appreciation in the thumb and index, and a slight defect only 
in the middle finger; these digits were not hypotonic. But the sensory 
disturbance was considerable in the ring finger, and in the little it 
assumed gross proportions; both were hypotonic, but the loss of tone 
was undoubtedly greater in the latter thah im the former, coinciding 
with the relative degree of loss of sensibility. 

This straightforward relation betweeh the loss of postural recognition 
and diminished static tone can only exist if there is no primary motor 
defect or disturbance of reflex excitability. Everyone is familiar with 
the conditions. present in a spastic hemiplegia of cortical or subcortical 
origin. Not only are all the reflexes profoundly exaggerated, but the 
hand may be incapable even of the coarsest movements. Here the 
tonic influence of lower centres has been set free to pour uncontrolled 
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into the affected limbs, and at the same time all high-grade voluntary 
power has been destroyed. Such cases show the combination of 
paralysis, due to destruction of the motor mechanism of the cortex, 
combined with tonic overaction of lower centres. It is sometimes 
possible to overcome this spasticity in the hand by continuous gentle 
pressure; the rigidity of the fingers yields, and they can then be bent 
backwards to a degree impossible on the normal hand. Moreover, all 
the phalanges may become over-extended at the interphalangeal joints, 
a condition spoken of as “‘saddle-backed fingers.” 

But this want of tone, which so often underlies spastic rigidity of 
high cerebral origin, is part of the paralysis. The whole cortical motor 
apparatus is disordered ; not only is volintary power destroyed, but the 

‘tonic innervation upon ‘which it is based is also diminished. This 
motor paralysis affects the hand more severely than any other part, 
because its movements occur habitually under control of the will. 
Every ‘aspect of voluntary motion is affected ; individual movements of 
the digits are no longer possible, and the static tone which underlies 
the: maintenance of posture is also destroyed. But the clinical picture 
is complicated by the massive tonic influence of lower centres. Spastic 
rigidity invades the limb attacking the larger joints to a greater degree 
than those more habitually under control of the will. 

Such conditions do not come directly within the purview of this 
research ; but they form a necessary link in-the comprehension of an 
apparently anomalous group of cases. It sometimes happens that 
a gunshot injury of the surface of the brain produces loss of recogni- 
tion of posture and passive movement, without obvious increase or 
decrease of tone in the fingers. The lesion has not been deep enough, ` 
or sufficiently extensive, to produce spastic rigidity. Why then is the 
loss of spacial recognition not associated with hypotonia ? 

In all such cases individual movements of the various parts of the 
hand are clumsy and are performed with difficulty, even when the 
patient fixes his gaze on the fingers. If he is asked to throw out both 
hands in front of him the digits are not in perfect alignment, and the 
thumb may droop abnormally. This is usually more evident if he 
is made to abduct his fingers and then to bring them together again. 
Not only is this movement badly performed, but the posture finally 
assumed is obviously defective. Throughout, the patient has kept his 
eyes open and directed. his gaze on to the affected hand. 

Usually, in such cases the deep reflexes do not give an identical 


response in the two upper extremities; the wrist-jerk is somewhat 
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brisker on the affected side and the elbow-jerk may be increased. But 
we are far from the condition seen in spastic paralysis. 

On Table B, I have brought together a set of cases where, at firet 
sight, we might have expected more or less hypotonia of the digits 
corresponding to-the graduated loss of spacial recognition. But, in 
every instance, individual movements were clumsy and the fingers out 
of alignment, even though the eyes remained open. ‘The cerebral 
injury had disordered the motor mechanism of the cortex in addition 
to its afferent centres. . 

Defective motor control from the side of the cortex is also shown 
by the tendency ‘of the wrist-jerk to be brisker on the affected side ; 
but it must be remembered that no deep reflex reveals the state of the 
various digits. The wrist-jerk indicates the condition of the forearm 
rather than of the hand, and not uncommonly the difference between 
these reflexes is very slight in this class of case. j 

- According to the view I have put forward, a lesion of the sensory 
cortex can produce hypotonia provided the motor activity of the 
pyramidal system is intact. If, however, the highest grade of volun- 
tary motion is disturbed, the fingers either -show no obvious change in 
tonic innervation, or, if the lesion is more severe, fall into a condition 
of spastic rigidity or-flaccid paralysis. 

Should this hypothesis be correct, recovery of motor power without 
coincident restoration of postural sensibility should lead to the gradual 
appearance of hypotonia in the affected fingers. This was actually the 
case in No. 38. He figures on Table B in the first stage in which 
I saw him; individual. movement of the various parts of the left hand 
could not be carried out, the fingers were out of alignment and the 
deep refiexes of the upper extremity were exaggerated. At this time. 
his fingers were not hypotonic. But as time went on the movements 
of the digits improved, and eleven months after the injury he could 
approximate the tip of the thumb to that of each finger in turn with 
. the eyes open, though more’ slowly than in the normal hand. Coinci- 
dently with this return of movement the little and ring fingers became 
definitely hypotonic; on the restoration of penny power static tone 
became defective. (See Table A). 


Gross loss of appreciation of posture afd passive movement, due to 
a cerebral lesion, may thus. be associated with various states of tonic 
innervation. i 

, (1) Provided there is no direct interference with the highest motor 
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‘Fanbtions. of the cortex, hypotonia may be direotly anomie’ with went 


“of spacial appreciation. 


(2). But if, when the eyes remain pen: individual wvannente are 
clumsy and-the fingers are out of alignment, and especially if the-deep 
reflexes point to some interference with the activity ‘of the pyramidal 
system, no hypotonia may be present. 

(8) Should the lesion be sufficiently gross to set free the lower 
centres from cortical control the limb may be spastic and the fingers 
rigidly contracted. k 

(4) Severe lesions of the cortex and subcortical tissues may -cause 
a complete flaccid paralysis,.especially in the early stages. Here the 
fingers are atonie because both voluntary movement and static tone are 
destroyed by the injary. The phasic and toric aspects of motion are 
paralysed. : : 

< This paralytic loss of sane may in certain cases exist under’ cover of 
general spasticity of the limbs. Once the coarse influx of tone in the 
hand is overcome by gentle and steady pressure, the fingers can be bent 
back to an abnormal degree, and the terminal phalanges can n be ought 
into a “ saddle-backed ” posture. 

My business is with the first of these states of tonic inon for 
it alone stands in direct relation to cortical disturbances of sénsation. 
Paralytic atonia and hypertonia deserve a treatise to ‘themselves, and 
cannot be dealt with within the limits of paper devoted to the 
afferent mechanism of the cortex. 

“ Al spacial aspects of sensation rise into consciousness influenced by 
the consequences of some previous experience. For it would. be 
impossible to discover the position of any part of the body; unless the 
.immediate postural sensation was related to something that had pre- 
ceded it. A direct perception of posture, analogous to that of roughness 
or of pain, is impossible; every hew position of the limb is relative to 
those which have preceded it. Š 

The sensory cortex is the organ to which we owe the faculty. of 
relating one sensation to another either simultaneously or consecutively. 
Consequently all spacial aspects of sensation suffer severely from a lesion 
of the cortex.’ Not uncommonly a patient with a cortical lesion can 
recognize that some movement has taken place, but is unable to discover 
its direction or amplitude ; complete appreciation of spacial relationships 
is the recognition of serial changes in a certain direction. : 

The cortex has been said to be the repository Of “images of move- _ 
ment.” This is, however, an unsatisfactory term when we consider the 
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actual effects produced -by a cortical lesion; for'when we speak of an 
image we mean something that can be recalled into consciousness under 
suitable conditions. 

When we sit immobile and imagine our fingers touching some shied 
on the table, many of: us see at once the mental. picture of an out- 
stretched arm ; the only image in consciousness is a visual one. Now 
if we examine an intelligent patient in whom the-power of recognizing 
posture or passive movernent is: gravely affected, this visual image 
may remain as vivid as ever. In stch cases it is possible to make 
the following instructive experiment. Place his arm in front of ,him 
on the bed, allowing him to see the position in which it lies; touch 


several spots in succession on the affected hand and ask him to point 


to them with his finger, his eyes remaining open throughout. Then 
close his eyes and carefully remove the arm into some distant position, 
say at right angles to the bed. If he is a strong visualizer he will tell 
” you that he can still see the picture of his arm and hand as vividly as 
before on the bed in front of him. Now touch some point on the 
hand; if tactile localization is not too grossly disturbed, the patient will 
_ indicate a spot in the position where that part of his hand originally lay 
‘on the bed. This phenomenon may be called “exploration of the 
phantom hand.” Here the visual image of the limb remains intact, 
although the power of appreciating changes in position is abolished. 

It is evident therefore that the standard to which immediate reference 
is made, when a fresh position is recognized, cannot be a visual image. 
‘The existence, of normal human beings, whose conscious life’ by day 
is devoid of all visual-images, would be sufficient evidence of this fact, 
apart even from the direct results of experiment in cases of cortical 
lesions. Some such persons undoubtedly possess true movement 
images. That is to say, the assumption of an imagined posture may 
be accompanied by re-presentation of- movement, equivalent to the 
pictures of those who visualize strongly. 

But in both cases the image, whether it be visual or motor, is not 
the fundamental standard against which all postural changes are 
measured. Every recognizable change enters into consciousness already 

. charged with its relation to something that has preceded it. Before 
. the afferent processes caused by movement of a joint can evoke a change 
in consciousness, they have already been integrated and brought into 
relation with the previous physiological dispositions, due to antecedent 
postural changes. Just as on a taximeter the measured distance is 
presented to us already translated into shillings and pence, so the final 


é 


t 


158 ORIGINAL ARTICLES AND CLINICAL CASES 


product of spacial changes rises into consciousness as & measured 
postural appreciation. 

For this standard, against which all subsequent changes of postures 
are measured before they entér consciousness, we have proposed the 
word “schema.” By means of perpetual alterations in position we are 
always building up a model of ourselves, which constantly changes. 
Every new posture or movement is registered on this plastic schema and 
the activity of the cortex brings each fresh group of sensations.evoked 
by altered posture into relation with it. Immediate postural recognition 


, occurs as soon as this relation is complete. 


Recognition of posture and movement is obviously æ conscious 
process. But the activities on which depend the existence and normal 
character of the schemata lie for ever outside consciousness; they are 
physiological processes with no direct psychical equivalent. The'con- 


_ duct and habilaments of the actor who appears before us on the stage 


are the result of activities behind the scenes of which we must remain 
ignorant, so long as we are only spectators of the play. 

The only constant and continuous record of. the movements of our 
bodies in space exists in the condition of our schemata. These physio- 
logical dispositions of the cortex ensure that the inception of a voluntary 
movement will find the part to be moved in a suitable attitude. For, 
unless postural impulses perpetually modified these unconscious physio- 
logical activities consonantly with every change in position, we might 
will a certain movement although the limb was not in a suitable attitude 
to bring it into being. This is evident in every case of ataxy. 

But in order that the part of the body to be moved may be ready to 
spring off, like a runner, at the word of command, its static tone must be 
normal. Should it be posed atonically, the voluntary motor act has first 
to gather jn ‘slack before the limb begins to move. Normal posture and 
normal tone are coincident terms. i 

It is obvious therefore that any lesion which disturbs postural 
schemata will interfere with static tone. For, in order that a part of 
the body at rest may retain a normal posture, afferent postural impulses 
must exert a constant influence on the activity of the appropriate recep- 
tive centres of the cortex. These are the repository of spacial schemata. 
The physiological changes brought about by this stream of afferent 
impressions not only checks and controls voluntary movement, but 
ensures that the static tone of the part shell be adapted to maintain its 
position. Consciousness is in no way necessary for such co-ordination ; 
in fact the regulation of tonic innervation occurs entirely on the physio- 
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logical level. “Any lesion, which tends to destroy postural schemata, not 
only disorders ‘voluntary movement, but under suitable conditions may 
diminish static tone. á 

In order that this’ disturbing effect may ‘show itself in a permanent 
diminution of tone when the part is at rest, the pyramidal system must 
be intact. ‘For, if the motér mechanism of the cortex is directly affected, 
fine regulation of postural tone is no longer possible; the general tonic 
condition of the part tends to be increased, as shown by exaggeration of 
its deep reflexes. The more profound the lesion the grosser becomes 


this spastic rigidity due to the uncontrolled massive innervation from. 


lower centres. 

But the hypotonia, so' closely associated with defective recognition of 
posture and passive movement in the absenée of any defect in the highest 
motor apparatus, is in reality a false co-ordination. The receptive 
centres of the cortex are badly informed of the position of the affected 
parts; at the same time those physiological dispositions past and present, 
on which depend the existence of spacial schemata, are disordered. 
Voluntary movement is badly co-ordinated except when guided by 
vision. But tonic innervation is a purely automatic process, not under 
the control ofthe will except in so far as it is the aftermath of a 
voluntary movement. Static tone consequently suffers and the affected 
fingers are more or less permanently hypotonic. 

I have laid stress throughout on this twofold influence of a cortical 
lesion on spacial recognition. A subcortical injury may also disturb 
recognition of posture by cutting off, to a considerable extent, afferent 
impulses from the receptive centres in the cortex. In such a case the 
threshold is raised, but it may be possible to obtain orderly and coherent 


responses if the intensity of the stimulus is sufficiently increased. Thus’ 


it may be necessary to move the finger passively through an angle of 
20° before appreciation occurs, but all the answers will tend to lie round 
about this degree. If, however, the cortex itself is destroyed it may, be 
impossible to obtain a true movement threshold. Not only is the range 
at which appreciation occurs widely different, but false answers and 
hallucinations mar the records. We are now dealing not only with the 
disturbance of afferent impulses, but with the destruction of the centre 
for those physiological processes which underlie the recognition of 
posture and movement. 

This difference between the consequences of a pure subcortical lesion 
and one which involyes the cortex is, I believe, also manifest in the 
condition of static tone. The former leaves the permanent dispositions 
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of the afferent centres intact; the patient still possesses complete spacial 
schemata, but incoming influences are defective. The internal drgani- 
‘zation is intact, but it is badly served with information from without. 
Now, static tone is automatic; it is the product of a constant stream of 
influence exerted by the simple existence of the physiological dispositions 
we have called schemata. .So long as they remain intact, tone will not 
be grossly diminished, apart from the effects of a primary paralysis. 
Once, however, the inherent activities of the afferent centres are 
„destroyed by a cortical lesion, tone tends to be diminished because of 
‘the loss of tHe constant automatic influence they exert on the highest 
efferent mechanism. 

This is one of the reasons why a pure subcortical lesion, such as that 
in No. 6 (p. 187), was not associated with hypotonia of the fingers. We 
might at first sight have anticipated a graduated diminution of tone 
increasing towards the post-axial aspect of the hand corresponding to the 
want of recognition of passive movement. But all the signs pointed to 
an uncomplicated lesion: of the centrum ovale as far as the post-central 
cortex was concerned. A threshold could be obtained to all the sensory 
tests, although to most of them it was raised considerably above the 
normal. The answers were free from the gross irregularities and 
meconstancy so common when the sensory cortex is itself affected. 
Here the normal condition of static:tone was due to the continued 
exercise of that co-ordinating influence, which constantly flows from the 
highest afferent to the efferent centres. 

‘Thus, it is evident that the so-called sensory cortex exercises by its 
very existence a double effect upon motor activity. First of all it 
controls voluntary movement; conscious appreciation of relations of the 
‘body in space go hand in hand with the effector activities of the will. 
But these phenomena of mind are based on physiological’ processes 
which may be directly disturbed by a cortical lesion. It is these under- 
lying non-mental dispositions which influence postural tone. Thus, at 
this anatomical situation in the nervous system, the vital activity of 
the centre is expressed as presentations to consciousness, concerned 
with the position of the body in space pand also as the purely physio- 
logical condition of „postural tone. 
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CHAPTER VIII.—Txe PRINOIPLES: WHICH DETERMINE ANATOMICAL , 
LOOALIZATION OF SENSORY. FUNOTIONS IN THE CORTEX. 


‘No one now denies that sensation can be affected by a lesion of the 
cerebral cortex, and the disputes, which raged over this question, can be 
relegated to the past history of medicine. Moreover, it. is certain that 
the ‘‘excito-motor” area, that portion which gives origin to the 
pyramidal tract, is situated almost entirely within the precentral con- 
volution; it is not coterminous with the so-called “sensory cortex.” 
For, although the anterior and posterior limits of the sensory centres 
are still undetermined, everyone is now agreed that the post-central 
convolutions form the most effective focus, from which-sensory changes 
can be evoked ‘by a suitable injury to the brain. 
` But preoccupation with the practical problems of topographical 
localization blinded neurologists to the true nature of the functions, 
which are disturbed by a cortical lesion. They assumed that all disorders 
of sensation would fall into the categories of touch, pain, heat and cold, 
together with some “spacial ” or ‘‘ muscle-sense”’ constituent, and were 
surprised to find that researches on these lines ended in confusion. ' 

Russel and Horsley ([14] p. 189) frankly stated in 1906 that “ all 
observers are agreed that isolated lesions of the Rolandic zone do not 
produce complete tactile anesthesia or analgesia (to these must be 
added temperature anssthesia)”’ ; but they offered no solution of, this 
apparently anomalous conclusion, and did not state definitely in what 
way sensibility was disturbed by a lesion of the cortex. 

Recently, however, some authorities on cortical topography have 
attempted to avoid this difficulty by adopting & most ‘disastrous nomen- 
clature. Thus v. Monakow speaks of "disturbances of “ deep, proprio- 
ceptive, protopathic and epicritic sensibility ” in connexion with cortical 
' lesions ([12] p. 270-271). Even so recently as 1916 van Valkenburg 

[17] published a paper entitled, “ Sensibilitétsspaltung nach dem 
Hinterstrangtypus in Folge von Herden der Regio rolandica.” 

Dejerine [2] in 1914 wrote as follows: “ Une autre question se. pose 
depuis quelque temps; on a constaté dans plusieurs cas d’hémanesthésie 
cérébrale une topographie spéciale de l’anesthésie, qui, se traduit sous 
forme de bandes reproduisant plus ou moins exactement la distribution 

‘radiculaire spinale, En présence de ces faits, on est amené à se demander 
s'il, n’existe pas dans les centres corticaux sensitifs une systématisation 
radiculaite comparable à celle qui existe pour les centres moteurs 
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` corticaux.” Here, it is true, he didnot state that the nature of the loss 


of sensibility corresponded to that caused by injury of the posterior 
roots ; he only asserted that the distribution of the disturbance might 
follow a radicular type. But, as a matter of fact, the anatomical form ` 
and the essential character of any loss of sensibility are closely bound 
together; when it follows a peripheral, radicular, or spinal distribution, 
the nature of the sensory change corresponds to the situation at which 
it is produced. To suppose that a cortical lesion could be associated 
with a sensory loss of radicular form is as absurd as to postulate a 
spinal lesion with an ulnar nerve paralysis. 

I have attempted to show that sensory changes, produced by a lesion 
of the cortex, must be considered in terms of the psychical act and not 
of the physical stimulus. The function of the cortex in sensation is 
to endow it with spacial relationships, with the power of responding in 
a graduated manner to stimuli of different intensities, and with those 
qualities by which we recognize the similarity or difference of objects 
brought into contact with the body. It is these aspects, of sensibility 
which are disturbed by cortical injuries. The anatomical lesion upsets 
the: orderly sequence of physiological processes and this defect ‘of 
function is manifested in disorder of the psychical act of sensation. 
The terms in which this disturbance is manifested are categories of 
of the function itself; a sensory loss of cortical origin is not expressed 
in anatomical or physiological terms, -but in those of the most 
elementary processes of mind. 

Tf the view I have put forward in this paper is correct all previous 
theories of cortical localization, as far, as sensation is concerned, must 
be put aside. The two conceptions are mutually antagonistic and 
cannot be combined ; there is no via media. Unless this fundamental 


- diversity of outlook is recognized. from the start, it wiH be impossible 
- for the reader to grasp the attitude I have assumed with regard to the 


topographical significance of sensory | disorders of cortical origin. 


_We may accept as a sufficiently well observed fact, that a lesion of 
the post-central cortex can produce a profound effect on sensibility. 
But we have no right to assume that those forms of sensation, which 
are disturbed, are of necessity functions of the'injured cortex. . For any 
sudden injury of the surface of the brain produces widely radiating 
shock effects within the structures of the nervous system. Sometimes 
a blow on the head, or a cerebral operation, may be followed by loss 
of sensation so severe that it is difficult to believe the mid-brain has 
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‘not been affected. The whole of one half of the pody may become 
insensitiv to touch, pain, heat and-cold; and yet the rapidity with 
which this loss of sensation disappears shows that it was not due to 
gross structural changes in the lower afferent centres. 

An epileptiform attack is a potent cause of neural shock, and in the 
attempt to determine the sensory function of the cortex, it is better, if 
possible, to reject those patients who suffer from any form of seizure 

or periodic disturbance of consciousness. No demonstrative value 
` can be laid on sensory changes which follow directly on a Jacksonian 
convulsion. ee 

This widespread consequence of a cerebral injury or convulsive 
attack has been called ‘‘diaschisis” by, von Monakow ({11] p. 287). 
He believes that the shock is so great that it passes backwards, over one 
or more synaptic junctions, to affect the functions of anatomical systems 
remote from the site of the injury. He adds: “ Es handelt sich auch 
bei der Diaschisis im wesentlichen um Herabsetzung oder Aufhebung 
der Anspruchsfihigkeit . . . der zentralen Elemente für Reize 
innerhalb eines bestimmten physiologisch wohl definierten Erregungs- | 
kreises; dieser Kreis fällt indessen mit dem gewöhnlichen, von der 
Peripherie und vom Zentrum aus sich ausdehnenden physiologischen 
Innervationswege nicht zusammen.” 

Now, whatever we may think of ‘this exclusively anatomical stand- 
point, the widespread effect-of a strictly local injury of the cortex is 
undoubted. Tt is impossible to say, in the early days of a wound of the 
head, how much of the loss of sensation is due to destruction at the 
site'of the lesion and how much to irradiation. The profoundness of 
the effect is even more disconcerting than its wide extent. Not only 
is sensation: disturbed over a larger area‘of the body than might have 
been expected from the situation of the injury, but the character of the 
loss differs fundamentally from that found with a stationary lesion of 
the cortex. Slowly, day by day, sensation returns to those parts of the 
body which do not correspond to the focus of disturbance. At the 
same time, the nature:of the sensory loss changes; it no longer consists 
of a gross defect of tactile, ‘painful and thermal sensibility, but, in 
favourable cases, begins to assume the characters I have described in 
this paper 

All aspects of cerebral activity are liable to Tiag similar profound 
and extensive changes in consequence of trauma ; these are particularly 
evident in the phenomena which follow cerebral, concussion. At first 
the patient lies in flaccid unconsciousness, with shallow breathing, 
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i scarcely able to swallow fluid placed in his mouth.. Then the lower l 
centres recover from the .shock and ‘he becomes restless;and even 
violent. As normal consciousness returns he grows amenable t control 
and his conduct is no longer dominated by the activities of the lower 
functional levels. 

In the same way, on the sensory side, the gross’ effects produced by 
the initial lesion, or by a subsequent operation, gradually pass away. 
If the wound heals well and there are no epileptiform attacks, all the 
initial loss of sensation may disappear. But, if the lesion liés over the 
post-central convolution, some defect-of sensibility may remain’ for 
months or years: in that -part of the body which corresponds to the 
focus of the lesion. This loss is never completely hemiplegic, provided 
the cortex alone is injured; it occupies a part only of the opposite half 
of the body and may even be confined to a few digits on the hand, - 

It is most instructive to watch the order in which the sensory loss 
gradually diminishes. The outlying parts become normal and sensi-. 
bility is defective in those parts only, which formed the focus of a 
, previous disturbance. Thus in No. 23 the whole hand was affected ; 

addition the records at the wrist, elbow and great toe originally showed 
some loss of recognition of passive movement. These three joints 
became normal within six months of the injury. During this recovery 
the sole of the foot regained its sensibility to the tactile hairs, which: had 
been profoundly disturbed. Coincidently with the gradual restriction of 
the affected area came a diminution in the severity of the sensory loss 
on, the various parts of the hand; the amount of the loss to measured 
‘movement and to the tactile hairs became less, even over those fingers 
which were most affected. 
But when once the wound has firmly healed, partiçulariy if the 
' opening in the skull is small and does not pulsate, it is ‘remarkable how 
constant may be the extent and character of the sensory changes. 
Such are the cases which form ideal material for determining thè part 
played by the cortex in sensation. Much can, however, be learnt from 
less perfect. examples, provided care is taken to.eliminate the effect of 


shock and other transitory ‘consequences of cerebral injury. ` 
. ba I 4 . : 


§ £ — Representation of Parts of the Body. | 


Many of the tests I have used are not applicable to any part but the 
hand ;-for instance, the power. of discriminating different weights and 
` textile fabrics can ‘be ‘explored over the feet in the rarest instances only. 
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Even such.a universal test as the compass- points does not yield 
equivalent results on the hand and on the foot. For,on the palmar 
aspect of the tips ‘of the fingers, the two points applied at the same 
moment can ‘be recognized in' many: cases, when they are separated 
by 0° 5.0m. ; whilst on the sole of the foot it is not possible to depend on 
correct answers at a smaller distance than about 2'5 to 3 cm. Thus, if 
the power of discrimination were reduced to one half, good readings 
might be obtained on the hand at 1 cm., but’ on the foot we should 
be compelled to separate the two points to a distance of at least 5 to 6cm. 
In the same way-.the range of this test is greatly limited on the forearm, 
where it is impossible in a normal person to be certain of obtaining 
a complete series of correct answers under about 4 cm. Over such parts 
the two points must be separated so widely, before we can obtain even 
a normal threshold, that the limits within which the test can be applied 
are rapidly exceeded, whenever sensibility is affected to any considerable 
degred. Again, it must not be forgotten that the sole of the foot is the 
equivalent of the palm of the hand and not of the fingers. As-we cannot 


use the compass-test with any satisfactory results on the toes, we are 


unable to explore the condition of the distal segments of the lower 
extremity’; the first evidence of changed sensibility must be drawn from 
the penultimate parts of the limb. 

Similar ‘difficulties apply to all the other tests, and the’ results 
obtained frora the feet are, always less distinctive and coarser than those . 
from the hand. As far as the face is concerned, most of them are quite 
inapplicable. It is impossible to test the power'of appreciating passive 
movement, ot ‘recognition of weight, form and the situation of the 
stimulated spot. Fortunately, however, in the voluntary movements 
of thé face and tongue, we possess a delicate measure of any loss of 
motor power that may be caused by the lesion. By this means it 
is often possible to decide whether the main impact of the injury 
has “fallen on the centre for the face; if so, the sensory changes in 
the hand may be due to its radiating effect and if so should- ultimately 
disappear slowly. If they are still present at the end of six months, they 
are probably caused by some permanent destruction of cortical tissue 
affecting the arm-centre, although the main incidence of the lesion has 
fallen on that for the face. 

In the same way, the sensory changes in the hand may be accessory 
to a more severe disturbance of function in the foot. Passive movements 
may,be badly recognized in the great toe, at the ankle and even at the 
knee; the compass-points may not be appreciated at 10 cm. on. the sole, 
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and no thréshold-obtained with the tactile hairs. Obviously, in such a, ` 
case the sensory changes are extremely gross and the cortical centre for 
the foot has been badly injured. But the loss of sensation in the hand 
may occupy one or two digits only and be'of a more delicate character ; 
the various forms of sensory activity may bè dissociated, one may be lost © 
over the affected parts, whilst another is entirely unaffected. - In such a 
case’it is evident that the hand does not lie in the central focus of the 


-disturbance. ` i 


Thus, for all delicate Siponto of the sensory faculties of the ea: 
we are thrown back on to the hand. Sometimes, in the cases I-have | 
used for this research, the disturbance of sensation is the result of direct 
injury to that part-of the sensory cortex in which, the hand is topo- 
graphically represented ; in other instances it is due to the outlying 
effect of a lesion, that has fallen either on to the centre for the leg or on 
to that for the face. This makes any precise determination of the 
limits of these centres extremely difficult, from sich material as I have 
brought forward in this paper. 

But there can be little doubt that the higher the lesion on the 
central convolutions the more certainly will the lower extremity be 
affected, whilst the closer it lies to the Sylvian fissure the more 
definite will be the affection of ‘the face. -Thus when an injury 
affects both the face and hand we should expect it to lie lower on 
the surface of the, hemisphere than when it disturbed the Ponerione 


"of the hand and foot. This is actually the case. 


It is now generally recognized that a lesion of the ERE 
convolution is more likely to lead to definite and severe disturbances of 
sensation than of any other part of the cortex. Here those physiological 
activities, which underlie sensation, are concentrated more thickly than 
at any other part of surface of the brain. The sensory condition of the 
hand or the foot is more or less gravely disturbed, whenever the 
incidence of the injury falls upon this area. If the middle portion . 
of the convolution: is struck, and the destruction of tissue is not 
severe, the hand alone may be affected; but the nearer the lesion 
lies to the vertex, the more certainly will the foot participate in the 
disturbance. If it happens to lie on the vertical aspect of the 
hemisphere, any affection of the hand that may be present will almost’ 
certainly be less severe than the loss of function in the lower extremity. 
Conversely, when the injury falls upon the lower half of the post-central 


. convolution, some affection of the face and tongue is likely to accompany 


the Joss of sensation in the hand. Evidently the sensory activities of the 
hand are more closely represented in the middle of the convolution. 


° 
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But it is’ possible ‘to determine more in detail the topographical 
representation of the hand upon the cortex. This research has been 
based upon cases where the various fingers were not all in the same 
sensory condition ; ; sometimes the pre-axial, sometimes the post-axial 
digits were most severely affected. Now’ whenever the loss of 
sensation reaches its‘ maximum over the thumb and index finger, the 
face and tongue tend to be affected; if the lesion lies in the left 
hemisphere, speech will also have been disturbed, to a greater or. 
less extent, ab some time in the history of the patient. This is 
shown by the five cases in Table C where the impact of the wound 
lay mainly over the central convolutions. If, however, the loss of 
sensation was greatest over the little-finger and its neighbouring digits, 
it is the foot which tends to show some motor or sensory change. Out 


-of seven such cases, four showed some disturbance of the lower extremity, 


although i in most instances it was slight and transient; but movements 
of the face and tongue were normal in all and speech had not been 
affected. (Table D.) I do not intend for a moment to assert that, 
because the little finger shows the profoundest changes in sensibility, 
the face and tongue cannot suffer; one of the commonest results of 
a wound of ‘the skull in the region of, the central convolutions is to 
produce a more or less transitory hemiplegia. But it is not with these 
cases that I am dealing at present; my interest is centred in those 
where the various digits were in a widely different sensory condition. 
These are the less severe cases. It is among them that we tend to 
find this association between the pre-axial parts of the hand and some 
affection of the face and tongue; or, conversely, a tendency for the 
functions of the foot to be disturbed, when the main loss of sensation 
lay over the little finger. 

- Moreover, even the rough verbal description of the locality of the 
injury, given in the last column of the table, brings out the same point, 
For in those cases where the maximum incidence of the loss of sensation 
lay over the little finger, the lesion was usually situated higher on the 
post-centyal convolution than when the thumb and index were most 
affected. Thus it is evident that the pre-axial digits are more definitely 
represented in the lower part. of the centre for the hand, whilst the 
post-axial portions lie’ topographically mgher on the surface of the 
hemisphere. 

Bat it must not be supposed that the maximum loss of sensation 
fell either over the thumb or over the little finger in every instance. 
Four of my cases showed preponderating affection of the little finger ; 
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in six the disturbance reached te greatest intensity. over the little and 
ring fingers; in one it was more severe over the thumb and in three 


others’ over the thumb and index finger ; 


in one case the most intense 


sensory loss was found in the index and in another it was greatest in’ 


the index and middle fingers. 


maximum over the middle finger. 


' TABLE € 


Finally, iz one instance, it reached its 
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ndex Middle |“ Rin Iattle | Affection of | Affecthon of Locahty of th 
Case Thumb ieee finger inger ioa -~ face fvot fed ion $ 
No. 9 + ++ ‘+ 0 ,0O Speech and 0 Middle pre-central 
face at first 
No.18; + +-+' | Intro- | Intro-.| Intro- | Speech at 0 Inferior pre-centra} 
` spective! spèotive ! spective first ; and post-central 
Very slight face weak ; 
tongue to R. ` 
No.14] ++ + 0 0 0 Speech .9 Middle pre- and 
g and face post-central 
No.18] ++ ++ Blight 0 0 Face 0 Inferior pre- and 
: affected ; post-central 
: 7 tongue to L. , 
No.11) ++, | +++ -+ Intro- | Intro- | Speech at 0 Middle post-central 
spective | spective; fir-t; face 
and tougue 
slightly 


















TABLE D. 
ndex | d feotion of ction of 1 
Aae aa ec 
No. 2 0 Blight + + +++ 0 0 Middle post-central ` 
No. 8 0 ? Slight | ++ ++ 0 Leg affected a 5 
very at first 
slight ~ 
No. 4) Intro- + ++ | ttt) EREE 0 ILegsligbtly| .,, ” 
spective affected’ 
No. 7 + + + + +++ 0 Definitely | Upper pre-central 
; j ` affected aud post-central 
No. 12 0 0 + + +++ 0 0 Upper post-central 
: : and upper parietal . 
: lobule 
No. 19 0 Slight + ++ ++ 0 0 Middle pre-central 
' and .post-central 
No. 20} Slight Shght Middle post-cential 
weakness ' 
and sensory 























change 


Thus, it is evident that the various fingers are represented topo- 


graphically in the cortical centres; 


i 


‘sometimes one and sometimes - 
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another lies in the focus of the disturbance. . It is convenient to speak 


. of the thumb in this connexion as pre-axial and of the little finger as 


post-axial; but it must be clearly understood that the axis of the limb 
is not represented topographically on the cortex. Certain motor and 
sensory functions of the body are more concentrated at some parts of 
the hemisphere than af others. In the same way, the physiological 


‘activities corresponding to each separate digit are relatively more 


highly represented in & certain portion of the cortical centre for the 
hand. But axial lines are a conception drawn from developmental 
anatomy; they have no place in the functions of a limb free to move in 
space. From the point of view of sensation, anatomical representation 
ceases as soon as the first synaptic junction is passed. The body is not 
represented on the cortex as an anatomical unity, but only in so far as it 
is capable of undergoing conscious changes in function. Thus, all 
attempts to establish a local representation of such purely anatomical 
factors as axial lines are based upon a false conception of the nature of 
cortical activity, and of the significance of central representation. 

‘ Russel and Horsley [14] were not content with speaking of 
topographical localization of the pre- and post-axial halves of the limb, 
but even postulated the “representation in the cerebral pallium of the 
mid-axis of the upper limb ” (p. 149): This conception they based on 
no more valid evidence than sensory changes “‘in the two middle fingers 
of the hand.” This, they say, seemed to them “such an obvious 
corollary to the pre-axial and post-axial representation we have just 
discussed, that we bring forward the following case as a good example 


' of the clinical fact.” This case showed nothing more, however, than 


an “aura beginning in the third and fourth fingers of the left hand, 
spreading to arm, face, trunk and leg of ths same side,” and seventy- 
three days after, removal of a large subcortical tumour, anesthesia to 
cotton wool on the dorsum of the hand with tactile localization 
“towards the mid-axis.” ' 

No better example could be given of the difference between the 
older methods of thought and the conceptions I have attempted to put 
forward in this paper. Sensation is a psychical act, and even the 
regional representation of the processes on which it depends is based 
on functional habits, rather than on phylogenetic development. Hach 


. digit is a unit and can be used in an isolated act, either of motion or 


sensation ; as such it is represented topographically on the cortex. 
The same rule applies to loss of sensation on the palm of the hand; 
the distribution of the changes in sensibility bears no relation to axial 
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lines, but, corresponds .to the proximal extension of the affected ‘digits. 
Many of the tests I have applied to the fingers cannot be employed on the 
palm; but the compasses, tactile hairs and weights can all be used over 
limited areas. If, then, the palm is marked out by lines running from'the . 
four fingers in the direction of the fold of the wrist, whilst the greater part 
of the thenar eminence is reserved for the thumb, it is found that the 
sensory condition of the intervening portions aia resembles that of the 
digits to which they correspond. ‘ 

This is particularly evident in such cases as No. 3, where the 
cori pass- -test was disturbed over the post-axial digits, but tactile 
sensibility was entirely unaffected. This dissociation both in the 
extent and quality of the sensory loss was equally manifest on the 
palm. Over the thenar eminence, and in a line with the index finger, 
his answers to the compasses applied simultaneously were perfect; but , 
over the post-axial portion of the palm they were grossly disturbed, 
even when the two points were separated by a distance of 5 em. At 
the same time, tactile sensibility was everywhere normal, 

In No. 9 the index and middle fingers showed the most severe loss 
of sensation, but the ring and little fingers were unaffected. On the 
pre-axial side of a line, drawn vertically down the palm from the cleft 
between the third and fourth digits, he was unable to appreciate 
weights correctly, just as on the corresponding fingers. But, on the 
ulnar half of ‘the palm, sensation was entirely unaffected to this test. ` 
In other cases the tactile hairs revealed exactly analogous changes. _ 

_ Thus, it would appear as if-the loss of sensibility on the palm, 
‘produced by a cortical lesion, corresponds roughly both in situation’ 
and quality’ with that of the affected digits. There are no “axial” 
lines or borders; as the sensory condition’ changes from finger to 
finger, so it alters both in quality and intensity on passing from one 
part of the palm to another. 

When sensation is disturbed over the whole of the hand, it may be 
defective at the wrist, elbow, or even at the shoulder. Under these 
circumstances the foot usually participates in the sensory loss. This 
is particularly liable to occur when we have reason to believe, from’ 
other signs and symptoms, that subcortical tissues have been affected ; 

‘in fact, the deeper the lesion the more certainly will the Sensory loss 
assume a hemiplegic distribution. 

Occasionally, however, both hand and foot may be normal to 
measured tests, ànd yet some’ more proximal part of the upper or 
lower extremity may show definite loss of sensibility. But these cases, 
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are rare. No. 8 is a particularly-good example, because not only have 
we definite evidence that both hand and foot were little, if at all, 
affected at an early stage in the progress of the case, but I saw him 
for the first time six weeks after he was wounded and could discover 
no gross changes, except at the elbow and to a less degree at the wrist. 
_ Recognition of passive movement was profoundly disturbed and the- 
tactile hairs also revealed considerable sensory loss over the forearm.- 
No measurable defect could be discovered, in the ‘palm and digits; 
-introspectively, however, he found it more difficult to make up his 
mind with certainty over the hand of the affected than of the sound 
limb. The lower extremity was in every way normal. In this case 
the elbow evidently lay in the focus of the cortical disturbance, and 
the wrist suffered to a less degree. 

All experimental evidence points to the topogtaphical representation 
of the various moyements of any one limb in different parts of the 
cortex (Sherrington and Griinbaum [16]). Of all the centres associated 
with the upper extremity, that for the fingers and thumb lies lowest on 
the precentral convolution ; then follow in order those for the wrist, 
elbow and shoulder. Between the shoulder and the hip, lies the area 
devoted to movements of the trunk. 

_Now, I have already shown that, from a sensory point of view, a 
lesion which affects the thumb and little finger is liable to be accom- 
panied by some defect in speech or disordered movement of the face 
and tongue. Thus of all the centres devoted to the physiological 
activities underlying sensation in the hand, that for the thumb must 
lie lowest on the surface of the brain. Conversely, the foot occasionally 
shows some loss of sensibility, when the maximum disturbance lies over 
the little finger; this digit must therefore be represented in the highest 
part of the cortical centre for the hand. 

It. follows, as a corollary to this conclusion, that, whenever the little 
finger | shows gross changes in sensibility, the wrist also tends to be 
affected. Should the whole hand be involved, but the maximum loss 
lie over its ' post- -axial parts, not only the wrist, but the elbow and 
shoulder, may show some defectiye recognition of posture and passive 
movements. 

So far I have shown that the disturbance of sensation site by 
a cortical or subcortical.lesion tends to follow a regional distribution 
corresponding to the contiguity of the centres on the cortex. But it is 
the functions, rather than the anatomical relationships, of any one part 
of the body that are represented. ‘Consequently those portions, such 
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as the hand, which are endowed with the greatest powers of discrimi- 


native sensibility, are represented, and to the highest degree, in the . 
sensory cortex; for the fingers and thumb of man are little more than 


stalked sense-organs. Next in order comes the sole of the foot, which 
constantly exerts discriminative activity in walking.’ One of my 


‘patients (No. 6), in whom'the right foot was affected, said: “ When‘ I 


am in the dark, I always take my feeling from my left foot, whereas 
before I always used to test the ground with my right. I have changed 
over since I was wounded.” å i 

In consequence of this more exclusive representation, the hand and 
the foot may suffer, although the sensory functions of the intervening 
joints are not measurably disturbed. In No. 20, for example, all the 
digits were affected, but the grossest loss of sensibility was found in 
the little and ring fingers; the wrist showed slight want of recognition 
of passive movements, but the elbow and shoulder were normal. In 
spite of the escape of these two joints, the great toe was affected and 
the sole of the foot showed an introspective difference to the tactile 
hairs. In a similar way it is possible for the great toe and the sole to 
show sensory changes, and for the little finger to be affected, although 
passive movements are perfectly appreciated at the ankle. 

Thus, although the cortical centres are arranged according to the 
relative position of the different parts of the body, a lesion of a definite 
area does not, of necessity, disturb sensation in this anatomical order; 
hand and foot may suffer without obvious loss at the elbow and 
shoulder. The extent of cortical representation depends on the degree 


to which function is developed. The hand, with its five mobile digits, ` 


stands at the head of this functional hierarchy. It is therefore most 
highly and’ most widely represented in the sensory cortex. It is 
important to remember that even the regional representation of parts 


‘of the body, as revealed by a cortical lesion, is governed by the 


degree of functional development rather than by purely enone 
considerations. 


§ 2.—Representation of Sensory Functions. 

The part played by the cortex in sensation is concerned with those 
physiological processes which underlie projection and discrimination. 
I have attempted to show that these activities fall into three groups; 
they are represented on the sensory side by appreciation of relationships 
in space, hy appropriate reactions to stimuli of different intensities, and 
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by recognition of the similarity and difference in test-objects of various 
weights and shapes. 

We saw reason to believe that these three aspects of cortical activity 
were not always affected uniformly, or in any constant relation to one 
another. In one case the spacial tests yielded normal results, in spite of 
considerable defects in the remaining aspects of sensation; whilst in 
some instances the tactile hairs, or in others the graduated weights, 
failed to show any abnormality. 

These are, however, extreme examples, but they demonstrate that 
the three aspects of sehsibility cannot be equally represented in all parts 
of the sensory cortex. Even cases where the dissociation is less com- 
plete point in the same direction ; for it is not uncommon to find that 
one group of tests shows a disturbance of sensibility in five digits, 
whilst another group reveals defects in one finger only. . 

These three faculties might have stood to one another in some such 
relation of graduated complexity as «that which we discovered for 
appreciation of tests in three:; two- and one-dimensional space. The 

cortex is the organ for controlling. and guiding voluntary movement, and 
` recognition of the relations of the body in space is one of its most 
important functions. ` It would not, therefore, have been unreasonable 
to suppose that whatever the changes on the afferent side produced by a 
lesion of the cortex, this aspect of sensibility would suffer. To a 
certain extent this is true. But at the same time the existence of one 
such case as No. 7, where the.spacial tests gave nornial results, shows 
that the physiological processes underlying the three forms of sensibility 
can be completely dissociated by injury to different parts of the cortex. 
They must then be based on pee which can be. disturbed 
‘independently. 

Moreover, if the three functions stood in a graduated relation to one 
another, one aspect of sensation would always show a more severe and 
more extensive disturbance than either of the others. But this is not 
the case; sometimes one group of tests, sometimes another, reveals a 
disturbance of greatest severity and widest extent. If we take passive 
movement, the tactile hairs and graduated weights as representative 
means for exploring the three sides of’ cortical sensibility. Table E 
shows to what extent they may be affected independently of one 
another. 

` Buch extreme dissociation shows that the maximum activity of all 
threé physiological processes cannot be situated within the same region 
of the sensory cortex. Each one must be represented more highly at 
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some part than at another’; in this way it may sometimes be more 
severely affected than its fellows, and at others may escape entirely. 
But any attempt to demonstrate the locality of the centres for the 
various aspects of sensibility i is hampered by the extreme difficulty of 
determining the incidence of the lesion. One wound extends deeply 
and produces widely radiating changes, both anatomical and physio- 
logical ; another, less severe, in an identical situation, may be followed, 
after the first shock has passed away, by changes in sensation which 
reveal the functions at the site of the lesion. Not only is it difficult to 
gauge the extent and severity of the original injury, but we can 
rarely tell how far the activity of the surgeon extended amongst the 
structures of the brain itself. All cases are not of equal value, from 
the point of view of topographical localization. Some showed evidence 
of severe destruction of tissue ; they had béen trephined, the dura was 
‘found to have been ruptured and disintegrated brain was removed at - 
the operation. In others the skull had not been opened and may not 
even have been fractured ; ‘and yet, there were .obvious signs that the 
‘cortex had been structurally affected. 


TABLE H. 





Case | Measured movement Tactile hairs Weights Situation of leaons f 


No. 18 0 8 digits 2 digits Inferior post- and pre-central 
; , k : touching Sylvian fissure. 
` : (Trephined, cerebral substance 

$ removed) 








No 3 5 digits ; 0 2 digits Miadie iak (Trephined, 
$ ural Ar removed) 
No. 21 | Whole hand and |, 0 Defective Middle pre-central. (Trephined ; 
up to elbow : no notes, but on arrival dura 
p open and brain substance 
j ` protruding) i 
No. 16 | Whole hand and 0 Gross loss over | Middle post eoniril (Very small 
upper extremity whole hand removal of bone. Dura lacer- 
i ; ated; hemorrhage from vessel 
i `of dura) 

No. 2|- 4digits - 1 digit (slow |Middle postceniral. (Not 


a digit intro- and intro- trephined) 
spective e) Bpectiye) 
tly Middle pre-sentral, post 


No. 19 5 digits a digte slig! 
2 (1 digit intro- 


spective) 
No. 18 4 digits vhs 5 
; (8 slight only) 
‘No. 22 5 digits 8 introspective 
only 
` No. 14 2 digits 2 digits 





central and superior parietal 
lobule. oo brain pulp 
ramovi 

Inferior pre- and post-central, 
‘vary low. (Trephined ; blood- 
‘alo’ and ruptured brain matter 
removed) 

Pre - central axtending into 
middle post-central (Small 
Py rape area. No notes) 

e pre- and post-cențral, 
M Not. treptiined) 
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All attempts to localize the site of the various forms of sensory 
activity, with the help of such material, must be purely tentative. But 
by comparing the ‘cases where one function was gravely affected with 
those where it had escaped entirely, we arrive at certain general 
conclusions. f 

First of all, we are justified in asserting that a lesion situated 
‘anywhere within a certain area on the hemisphere will disturb somatic 
sensibility to a greater or less extent; this is the so-called ‘‘ sensory 
cortex.” It consists of the pre- and post-central convolutions, the 
anterior part of the superior parietal lobule and the angular gyri. 
Loss of sensation may show itself in the hand even though the lesion 
lies low on the pre- or post-central convolutions in a position associated 
‘with the centre of the face: Conversely, when it is situated so high as 
to come within the area usually assigned to the lower extremity, the 
hand may show characteristic sensory abnormalities. But, whenever 
‘the main incidence of the lesion falls on those parts which contain the 
centres for either the leg or the face, the character of the sensory loss 
in the hand tends to be peculiar; one form or another of sensation may 
be entirely unaffected or show comparatively slight alteration. 


Injury anywhere within this “sensory area” on the hemisphere is _. 


liable to cause some loss of appreciation of spacial relationship in the hand 
or in the foot. But the further forward it lies within this region, the 
grosser and more extensive is the disturbance shown by the spacial tests. 
Thus in No. 21, where the whole hand and elbow showed want of recogni- 
tion of passive movements, the lesion lay over the middle of the pre- 
central convolution; but tactile sensibility was completely unaffected. If 
' the middle of the post-central convolution is struck by the injury the 
spacial aspects of sensibility are usually profoundly diminished in the 
hand; but some other faculty is also disturbed at the same time. 

' The power of recognizing differences in weight and form is most 
severely and most extensively affected by a lesion, which falls mainly 
` over the post-central convolution. But these tests can rarely be applied 
to the foot with any satisfactory result; for this reason we are only 
justified in saying-that, if the lesion lies over the middle of the post- ~ 
central convolution, the faculty of appreciating similarity and difference 
‘in objects of various weights and shapes, placed in the hand, will be 
more or less profdundly affected (No. 3, No. 16, No. 20). Among the 
patients in whom this form of discrimination was not disturbed the lesion , 
was mainly pre-central in two (No. 13, No. 22); in two other cases it lay 
in the supra-marginal region and the loss was extremely slight (No. 10, 
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No. 23). In all four instances the injury fell einer mainly in 1 front of 
or behind the post-central convolution. 

The most surprising conclusion is reached in those cases where the 
power of responding appropriately to stimuli of graduated intensity was 
impaired. The most frequent consequences of lesion within the 
“ sensory area ” of the cortex is some loss of recognition of spacial rela- 
tionships and of similarity and difference; this is the well-known group 
of symptoms sometimes called “astereognosis and atopognosis.” It is 
notorious that in many cortical cases tactile sensibility is not disturbed, 
even when we employ such fine tests as the graduated hairs. But in 
other instances this faculty is profoundly affected; in No. 10 the loss 
exceeded that of any other form of sensibility, and here the lesion 
lay over the supra-marginal convolution. The power of responding 
adequately to stimuli of graduated intensity was diminished, throughout 
my series of cases, whenever the focus of the injury lay over the superior 
parietal lobule (No. 5), over the supra-marginal region (No. 10), or over 
the foot of the post- and pre-central convolutions (No. 18 and No. 18), 
It is noticeable in other instances that, when the lesion was situated over 
the lower part of the central convolutions, tactile sensibility tended to 
` show characteristic changes, even though other. forms might also be 
` profoundly disturbed. But the higher it lies on the hemisphere and 
the further forward its situation, the less will be the affection of tactile 
sensibility. Thus it is possible to construct a zone, running backwards 
along the foot of the pre- and post-central convolutions, over the angular 
and supra-marginal gyri.to the superior parietal lobule. Any lesion 
which falls mainly within this area will probably be associatéd with 
disturbance of tactile sensibility; if this is severe and extensive, the 
patient may also be unable to distinguish various degrees of warmth 
about which he has no doubt on the normal hand. 

Thus, the three aspects of sensibility, which are due to cortical 
activity, are not all equally represented in different parts of the sensory 
cortex. The spacial tests are most profoundly affected, when the lesion 
affects .the pre-central convolution. The faculty of appreciating 
similarity and difference, in objects of different shapes and weights, 
suffers most with an injury of the post-central convolution ; whilst the 
power of responding to the various degrees of intensity of such stimuli 
as the graduated hairs or warm test-tubes is most certamly diminished 
by & lesion of the parts behind the post-central convolution and also 
` its extreme foot.. That is to say, the centre for the spacial elements 
lies mainly in front, that for response to varying intensities behind, and 
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that for recognition of similarity and difference between them. At the 
same time these roughly vertical areas fall somewhat obliquely, so that 
the representation of the thumb is much farther forwards than that 
of the foot. < 


CHAPTER IX.—GENERAL CoNOLUSIONS.* 
$ 1:—The Significance of Dissociated Sensibility, 


” We have been able to show, that between the impact of a physical 
stimulus and the sensation it evokes, a multitude of changes occur, 
which do not normally enter consciousness: These are essentially 
physiological and can only be discovered by some form of dissociation. 

The day of the a priori psychologist is over as far as sensation is 
concerned. “A man can no longer sit in his study and spin out of 
himself the laws of psychology by a process of self-examination. For 
we have been able to show that, at a level deeper than any he can reach 
by introspection, are prepared those states, which condition the nature 
and characteristics of the ultimate sensation. Appreciation of position 
in space, graduated response to stimuli of varying intensity, and recog- 
' nition of the similarity and difference of objects in contact with the 
body, were all thought to be matters of “judgment.” We have shown 
that the forms assumed by these aspects of sensation are ordered and 
predestined on the physiological level, as the result of innumerable 
integrations, which take place outside consciousness. These processes 
are not open to conscious analysis; it .is only the interplay of sensations 
that can be discovered. by introspection. 

The psychologist, who attempts to discover a strict psychophysical 
parallelism, ignores the central link of the problem. He assumes that 
the nature and conditions of the physical stimulus can be brought into 
direct relation with the psychical act of sensation. Light can be 
analysed by the spectroscope into certain constituents, and he attempts 
to establish a strict correlation between these “primary colours ” and 
elementary visual sensations. This fundamental error vitiates much 
of the work on the psychology of the senses. It is only under artificial 
conditions, that the physiologist can foretell exactly what reaction will 


i It will be evident that most of the ideas expressed in thié chapter are based upon the 
theories of Hughlings Jackson (especially (10]) and the brilliant experiments of Sherrington , 
,{15], but I have thought it better not to interrupt my exposition in order to attribute to 
their originators conceptions, that form the basis of our present neurological knowledge, 
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follow a given physical stimulus; previous occurrences in the tissue 
may entirely change the nature of the response. Adaptation, biphasic 
activity and facilitation form a normal part of the vital activity of the 
nervous system; they may intervene between a measured physical 


‘stimulus and the physiological effect, and make it amppsable. to establish 
a direct and immediate correlation. 


Therefore, between the impact of some physical force on the tissues _ 


of the body and the psychical act of sensation, are interposed reactions, 
which, in many cases, cannot be predicted. What wonder that those, 


who examined the phenomena of the senses at first hand, were dis- 


satisfied with current psychological teaching. The neurologists were 
driven. back more and more on to an examination of changes in 
structure. They found that, when certain conducting paths were 
destroyed, sensation was disordered in a definite manner. From this 
they justly concluded, that the affected paths carried certain specific 
impulses; and in this they were strictly within their rights. Out of 
this examination of the loss of sensibility, caused by lesions of the 
spinal cord and brain-stem, grew the dissociation method, which is the 
basis’ of this research. , 
; But many workers on these lines failed to recognize the significance 
of the method they employed. They discovered that dissociation 


occurred as a consequence of injury to various tracts in the spinal cord ;, 


for instance, sensibility to’ pain, to heat or to cold may be disturbed as 
an isolated manifestation of a lesion of the lateral columns. This is 
due to interference with the conduction of impulses, which have already 
undergone a certain amount of qualitative integration. It is the most 
easily determined form of afferent dissociation, and the results seemed 
to coincide closely with the conceptions. usually held of the natural 
divisions of sensation. 

Lesions of the spinal cord: can abolish sensibility to pain; heat, 
and cold, and any one of these qualities of sensation may be lost, 
although the others remain more or less undisturbed. ` But this 
is not the case with lesions, either of the peripheral nervous 
system, or of the cortex; they produce changes which cannot 
be classified strictly in this manner. There is a tendency, there- 
fore, to confine the term “‘ dissociation” to those cases, where 
sensibility is lost to touch, to pain, to heat or to cold, either in 

„an isolated form or in some specific combination. Other sensory 
changes are spoken of as a “hypo-æsthesia”; and the-French include 
all ‘modifications of sensibility, except anæsthesia and hyper-æsthesia, 


_in the term “ paresthesia” ([2] p. 785). l 
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But under both these expressions lies the false assumption, that 
afferent impulses are isolated specific reactions to four categories of 
sensory, experience.- Let us then avoid the use of these question-begging 
terms, and in each case determine the exact form assumed by the abnormal 
response. The researches summarized in this paper show, that the sen- 
sory elements revealed by dissociation differ according to the site of the 
‘lesion. Division of the peripheral nerves, at any rate in the limbs, 
reveals the specific characters of deep and superficial sensibility. 
Whatever may be the phylogenetic significance of this dissociation, it 
corresponds in man mainly to a difference in the situation of end-organs 
and in the course of afferent fibres. In the spinal cord this peripheral 
grouping has been broken up ; dissociation reveals, on the one hand 
qualitatively distinct groups of impulses travelling in secondary paths, 
on the other it may expose the primary spacial and discriminative 
elements of sensibility, which travel up uncressed in the posterior 
columns of the spinal cord. 

At each anatomical situation in the sate nervous ee dis- 
sociation assumes forms appropriate to the functional combinations of 
afferent impulses at that point. Finally a lesion of the cortex causes 
changes which can be expressed in psychical terms only. The 
physiological substrata of sensation are disturbed, and the defects 
appear as want of discrimination. This is not a “ hypo-esthesia” or 

“ paresthesia,’ but a definite loss of power to recognize spacial 
relationships, graduated intensity, and similarity or difference in objects 
in contact with the body. 

Analysis of afferent impulses, on their passage through the central 
nervous system, tells us nothing of their origin or final fate. If 
we wish to learn how they arose, we must produce an analogous 
dissociation in the peripheral nervous system; and their ultimate 
grouping can only be shown by breaking up those complex physio- 
logical activities, which directly underlie sensation. At either end 
_ of the physiological chain, we are brought face to face with 
elementary processes. Af the periphery, we see how a measurable 
physical stimulus is transformed into various physiological reactions. 
‘At the other end we can observe the ultimate condition of these 
-impulses, in the act of subserving sensation, after they have undergone 
integration and selection. 

' Now the grouping of afferent impulses, on their way from the 
periphery to the highest physiological centres, is of considerable theo- 
retical interest and provonnd diagnostic importance.’ But it reveals 
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little or nothing of the reactions of the sensitive tissues to the impact 
of physical forces, or of the physiological basis of sensation. Conse- 
quently, whilst the practical neurologist tends to concentrate his 
attention on the mode of conduction, the physiologist and psychologist 
are interested primarily in the conditions at the two ends of the 
physiological chain. 

It is therefore important that we should appreciate clearly the 
significance of the facts of dissociated sensibility. We have laid down 
that the superficial structures of the. body are innervated by two 
mechanisms, one of which we say exhibits more primitive characters 
than the other. Removal of epicritic sensibility exposes the activity 
of the protopathic system in its full nakedness. In the same way, 
when removal of the influence of,the cortex cerebri sets free the 
optic thalamus from control, sensation assumes an overwhelmingly 
“thalamic” character. 

In each case a lower, more primitive organization, is permanently 
kept under control by the activity of a higher afferent system. But 
removal of this dominant mechanism does not reveal the functions 
of the phylogenetically older organs in all their primary simplicity. 
„The original thelamencephalon contained elements, not only of the 
human optic thalamus, but also, in a crude form, of certain physio- 
logical processes, now entirely relegated to the cerebral cortex. Even 
the specific activity of this original thalamus was incomparably less 
highly developed than the dissociated thalamic functions of man. A 
lesion, which sets free the human optic thalamus, produces a highly 
specialized series of phenomena, which have never existed in this 
form in phylogenetic history. For a-sensory reaction is the. product of 
the activity of two great receptive centres; as we ascend the biological 
scale, each of these two physiological organs takes over more exclusively 
the initiation of certain aspects of sensation. 

The setting free of a primitive activity from higher control reveals a 
condition, which is a part of the complete act and does not reproduce an 
ancient mechanism in its original form. This is evident in such a 
reaction as jhe ‘‘ mass-reflex,” which may make its appearance, 
under favourable conditions, when the human spinal cord, has been 
completely divided [5]. On pricking almost any part below the 
lesion, the movements evoked consist of flexion of the lower extremity 
at all joints, accompanied by an upward movement of the great toe. 
No primary extension occurs under such conditions, but the reaction is 
always a defensive withdrawal of the part from stimulation. But this 
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is not the only effect; the bladder and rectum are excited to evacuate 
-their contents prematurely, and a profuse outburst of sweating may be 
evoked by pricking the sole of the foot. Local signature has been 
abolished, and the response has assumed a massive and primitive - 
character. Normally, this old protective reaction is dominated by 
centres in the mid-brain; its flexor movements are employed as an 
element in the assumption of posture, and the overflow of energy into 
the visceral system is inhibited from above. When this control is cut 
off, by division of the spinal cord, flexion occurs alone; but it now 
appears in its primitive form, as a massive reflex response, accompanied 
by visceral activity. This reaction is more perfectly and specifically flexor, 
than that’which occurs in the dog under similar circumstances. For, in 
the lower animals, the specialization of function is less complete, and, 
when dissociation occurs, the separated spinal cord still ‘retains certain 
functions, which in man have been assumed by higher centres. No 
flexor response is so free from postural characters, as that obtained from 
the human spinal centres, after complete ‘division of the cord. In the 
same way, the reactions of the optic thalamus in man, freed from cortical 
. control, are an almost perfect expression of the non-discriminative 
aspects of sensation. 

In this way many lower activities are retained in a controlled form 
and are not abolished in the course of evolution, because they may be 
required, at some time or another, for their primitive purpose. Under 
abnormal conditions, painful impulses of visceral origin can break 
through the normal resistance against them and appear in eonsciousness 
as ẹ sensation. If so, the distribution of the areas of tenderness repre- 

_sents an old segmental arrangement of the central nervous system, and 

the reflexes, especially of the abdomen, take on a protective character. 
This is also the case with the curious diffuse sensation, which alone 
represents superficial tactile sensibility over protopathic parts. It is 
normally dominated by more discriminative aspects of touch, but is not 
abolished ; for, under suitable conditions, even in normal life, it may 
‘appear’ as a diffuse and intolerable itching. 

Pain is the oldest defensive reaction, and potentially painful stimuli 
are the basis of all primitive reflexes. It is, therefore, of importance 
for higher development, that these impulses should be rendered less 
.effective in favour of those impressions which can lead to a more 
discriminative response. But, although they are controlled and even 
abolished, the mechanism underlying: the production of pain must 
remain in full physiological activity, ready to play its part, should 
occasion arise, in the.defence of the body against noxious influences. 


’ 
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The functions of the central nervous system ‘are nota palimpsest 
where a new text is written over an earlier manuscript partly erased. 
The more primitive activities have been profoundly modified by the 


_ advent of the new centres, which utilize some of the faculties originally 


possessed by.the older.mechanism. In many cases the higher function 
could not be exercised without the existence of those lower powers 


_ which it dominates and controls. Postural reflexes, strictly adapted to 


conditions of space and time, could not occur without the outburst of 
energy which occurs in lower spinal centres on peripheral stimulation. 
The afferent impulses, which pour into the cerebellar system from the 
limbs, can only manifest their existence through the lower motor 


‘ activities they co-ordinate. In the same way, the part played by the 


v 


sensory cortex is based upon the activities of the optic thalamus; with- 
out crude sensations of heat and cold, discrimination would be 


impossible, and the finer thermal relations could not be appreciated. 


When dissociation occurs, either on the reflex or psychical level, 
the manifestations represent that portion of the. complete function 
which still remains active. If the factor, which has been eliminated, 
exercised some control over that which remains, . primitive characters 
may appear which are not manifest. under normal conditions. Should 
the function lost belong to the same level as that which remains, the. 
loss of the one does not materially affect the other. But, when one of ` 
them is higher in the functional hierarchy than the other, the removal , 
of the dominant influence sets free the lower activities to manifest 
themselves unchecked. 


$ 2.—Integration.. 


Between the impact of a physical stimulus on the peripheral end- 
organs of the nervous system, and the simplest changes it evokes in 
consciousness, lie the various phases of physiological activity. The 
diverse effects produced on the living organism by a stimulus are 
sorted, combined and inhibited’ in their passage through the central 
nervous system and the ultimate results finally act upon their appro- , 
priate centres.’ This process of integration takes place apart from any 
direct participation of consciousness; and, by the time afferent impulses 
reach one of those centres, where they can form the underlying ‘basis 
of sensation, they have been profoundly modified. Such integration is- 
the essential task of the central nervous system ; it is carried out by the 


_ exercise of certain functional activities, which I shall now consider 


from their theoretical aspect. 
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We are accustomed to think of the external stimuli we employ in 
scientific investigation, as if they were simple physical conditions; thus 
we speak of the effects produced by “a temperature of 45°C.” ` But in 
reality the stimulus is always an external object, which evokes a 
multitude of physiological reactions; it is not only warm, but has 
certain tactile values, and a definite size, shape’and texture. From the 
physiological point of view, a simple stimulus is an abstraction and an 
external object is ¢ group of functional events. 

Each aspect of the complex stimuli of dajly life acts on one or more 
peripheral end-organs; in this way, the ‘physiological response is 
` rendered more or less specific at its inception. From the first impact 
of a hot or cold object on the skin, the presence of the heat- and cold- 
spots ensures that under’ normal conditions, the reaction will be specific. 
Any temperature, which excites the cold-spots, generates a set of afferent 
impulses capable of evoking a sensation of cold. Whatever their 
ultimate fate, they are stamped from the beginning with a certain: 
character, for they are capable of exciting the activity of those terminal 
physiological centres which subserve thermal sensibility. 

So far, the conception we have put. forward corresponds to the 
original doctrine of specific nerve energy. The, older investigators 
believed that an impulse, once started in specific end-organs, travelled 
unchanged to the highest receptive centres, to evoke s response 
corresponding in quality and degree to the sensory attributes of the 
physical stimulus. Such a theory ignores the fact that a temperature 
of 45° C. ig an effective stimulus to the heat-, the cold-, and the pain- 
spots, and yet, under normal conditions, produces æ sensation of 
pleasant warmth only. In such a case, a definite physical condition 
excites three separate groups of end-organs. The impulses evoked are 
specific in quality ; excitation of the cold-spots produces a sensation of 
cold, although the stimulus is a temperature of 45° C., and even 40° C. 
can evoke pain in the absence of the dominant thermal mechanism, 

The simplest physical condition acting on the peripheral nervous 
system, may produce afferent impulses which are incompatible from 
the point of view of sensation. But the stimuli of daily life are not 
simple ; they are extremely. complex, and give rise to a multitude of 
diverse impressions. These must be sorted and regrouped; some are 
facilitated, others are repressed before the final sum is presented to 
consciousness. . Many afferent impulses remain on the physiological 
- level and never form the basis of a sensation; they are destined to 
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control reflex activity, or to co-ordinate movements of the body and 
limbs. . 

Such integration is the task of the central nervous system, and it is 
carried out by means of a series of receptors, which guard certain 
synaptic junctions on the centripetal paths. These are in reality end- 
organs, exposed to the influence of the.complex mass of afferent 
impulses generated in the peripheral nervous system ‘by the impact of 
an external stimulus. They are not infiuenced directly by. the forces 
of the world around; they,react to the diverse physiological conditions 
produced by the action of physical stimuli on the receptive mechanism 
at the periphery. Like resonators placed in a concert hall, each group l 
picks up those qualities to which it is attuned, and refuses those with 
which it is not in harmony. This process is repeated throughout the 
central nervous system, until the final products of integration come to 
act on two terminal physiological centres, the cortex and the optic 

‘thalamus. ‘Here they excite those conditions which underlie the more 
discriminative or more affective aspects of sensation. 

But we must not forget that the larger number of afferent impulses, 
arising in peripheral end-organs, do not traverse the whole length of the 
central nervous system. Their essential task is to excite and co-ordinate 
reflex action without of necessity giving rise,to sensation, and the earlier 
phases of integration are undoubtedly adapted to this end. Sensation, 
in the strict sense of the term, demands the existence of consciousness 
and is, therefore, a late development in phylogenetic history. On the 
other hand, reflex adaptation is one of the earliest manifestations of 
multicellular existence, and the central nervous system is peminat 
an organization for controlling reflex activities. 

Such co-ordination could not occur, if there was no qualitative 
selection of afferent impulses at the receptive junctions of the various 
reflex arcs. The main function of intramedullary receptors is to lower 
the excitability of the reflex arc for one kind of stimulation, and to 
heighten it for all others. This ensures a selective response to the 
complex results of peripheral excitation, and at the same time precludes 
‘many afferent impulses from influencing consciousness: Thus, for 
example, visceral insensibility is a function of the’ specific reaction 
of receptors, and not the consequence of an absence of afferent impulses. 

Each specific group of end-organs, within the central nervous 
system, works on the same principles; it accepts those elements of a 
massive reaction which can excite it to activity, and rejects those to 
which it cannot respond. At the same time there is evidence to 
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show, that the synaptic junctions are subject to those refractory 
states and phases of heightened receptivity characteristic of all neural 
action. 

These three processes, selection of certain impulses, rejection of 
others, together, with biphasic states of the receptive mechanism, are 
sufficient to produce coherent reactions on reflex levels. The move- 
ments evoked. by a stimulus bear a strict relation to its quality and 
intensity ; they are also influenced by the conditions to which the reflex 
arc has been previously exposed. Thus, pricking and pressure, applied 
to the sole of the foot, produce different responses; and the nature of 
the antecedent reflexes is of fundamental importance in determining 
the form of the reaction to stimuli of the same quality and strength. 

At this level of neural activity, all functions are simple, but at the 
same time highly organized. The response is rigidly pre-determined 
within certain limits; there is little choice, and the answer is 
physiologically inevitable. In strict accordance with such an arrange- 
ment, we find that the first sorting of afferent impulses within the 
spinal cord is concerned mainly with their redistribution according to 
quality. Those capable of exciting pain are gathered together, what- 
ever their peripheral origin, and all those which can evoke sensations 
of heat are combined into a specific group. 

After these multitudinous impulses have carried out their reflex and 
co-ordinating functions, the remainder are destined to act upon those 
centres which underlie sensation. Here the rigidity of response, so 
characteristic of reflex activity, would be disastrous. The limited 
freedom of the lower levels must be expanded, so that the physiological 
reaction may become less inevitable and more elastic; for we are 
dealing with impulses which are capable, under favourable’ conditions, of 
exciting consciousness. But the sensations to which they would 
` naturally give rise are incompatible, and cannot exist simultaneously. 
Thus 45° C. is capable of producing sensations of heat, of cold, or of 
pain. If they could all coexist in consciousness, mental activity would 
be chaotic and discrimination impossible. The struggle between these 
various impulses takes place, therefore, on the physiological level, and 
the victor alone appears in consciousness as & sensation. 

The simplest sensory act is the result, not only of prolonged 
qualitative integration, but of a qonstant struggle for physiological 
dominance. In the example I have just cited the answer is under 
normal conditions inevitable. But there are many cases, especially 


within the visceral field, where no general rule can be laid down; the 
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response depends on the patient’s idiosyncrasy or ‘general resistance. 
This may be naturally low to certain afferent impressions and high to 
others. Moreover, his usual reaction may become changed in conse- 
quence of some functional alteration in the activity of the central 
nervous system; impulses may then excite sensation, which would 
normally have remained outside consciousness in its widest sense. 

On the lowest levels of reflex activity, an impulse that is inhibited 
and rendered non-effective is to = great extent abolished. It may 
perhaps exert some influence in determining the future behaviour of 
the receptive synapse; but it is not manifested in any direct and 
immediate change. But on the higher physiological planes, impulses, 
which are precluded from exciting sensation, aré not wiped out; they 
may produce a profound and manifest effect, although they cannot 
excite consciousness. The postural impulses, ascending in the posterior 
columns, normally affect two terminal centres. They reach the cortex 
and evoke sensations of the position of various parts of the body in 
space, and at the same time pass to the cerebellum to aid in the co- 
ordination of voluntary movement. But if they are prevented from 
reaching the cortex, the patient may be entirely ignorant of the position 
of his affected limbs, and yet the motions of these parts are perfectly 
co-ordinated. ‘The sensory aspect of these impulses has been abolished, 
but their unconscious activity remains unimpaired. 
~ The closer we come to those centres, which directly underlie 
sensation, the more evident is it that impulses, which fail to excite 
consciousness, do not of necessity cease to exert any physiological 
influence. They may be repressed by their successful rivals, but they , 
are ‘not therefore abolished. At any moment they may manifest their 
existence if the dominant influence is removed. In the absence of the 
afferent heat mechanism on the periphery, 45° C. produces a sensation 
of cold; if in addition the skin is devoid of cold-spots, the game stimulus 
evokes pain. Under normal conditions, there is nothing to prevent 
this temperature from: seeming cold, except the prepotent activity of 
the impulses which are capable of exciting a sensation of heat. In the 
same way this stimulus produces impulses that can cause pain; but 
these are dominated by that feeling of pleasure usually associated -with 
warmth of this degree... If, however, for some reason, no coincident 
‘thermal impulses reach the physiological centres, or if the patient's 
resistance to painful impressions is low, 45° C. may cause pain with its 
customary disagreeable feeling-tone. There is no inherent structural 

block on the passage of these painful impulses.~ Temperatures as low 
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as 40° C. undoubtedly stimulate the pain-spots; but the impulses so 
produced fail to excite consciousness, because they are repressed by the 
other sensory effects evoked by the same external stimulus. This is 
even more evident on the psychical plane, when we are dealing with 
the interplay of two or more highly organized sensations, or other fully 
developed mental processes. 

Sherrington has firmly established the influence of previous occur- 
rences in @ reflex arc on the nature of its immediate response. This 
action of the past, in the event of the moment, is even more evident 
when the afferent impulse excites, not a reflex but a sensation. The 
phenomena of adaptation owe their existence to this ‘factor. Thus, 
under favourable conditions, a temperature of 80° C. not uncommonly 
seems neutral to the normal hand. If, however, it has been soaked in 
hot water for some time, a tube at 30° C. may appear to be cold. Con- 
versely, ifthe hand has been adapted to cold water, the same tempera- 
ture, that seemed at one time neutral and at another cold, is now thought 
to be warm. (The external stimulus is identical, but the reaction is 
fundamentally changed, owing to the diverse dispositions created by 
occurrences in the past. 

The effective influence of the past on the reaction of the moment is 
even more evident in the recognition of spacial relationships. These 
sensations enter consciousness already measured against a postural 
standard, built up out of previous movements, and subject to constant 
change. The dispositions on which this standard depends exist on the 
physiological level, and a normal sensation of posture is based on 
activities that are integrated outside consciousness. - 

From the lowest co-ordinated reflexes to the psychical processes of 
sensation, discrimination, and feeling, the part played by the activity of 
the central nervous system is the same, It ensures that imipulses of 
‘similar quality facilitate one another. Conversely, if two incompatible * 
impulses are excited together, one is allowed to pass, whilst the other is 
rejected during one of the many integrations, either at a low or high 
level of fanctional activity. Thirdly, the vital processes of the nervous 
system are responsible for the phenomena of adaptation. No stimulus, 
however mechanically unvaried, can evoke a constant response, because 
- the very existence of the impulses it produces changes the disposition 
of the reacting centre. | 7 

The effect,of these three-simple processes is evident at every level of 
‘neural function, from the lowest to the ‘highest. If we trace a group 
of afferent impulsés from their onpa t to the ae ‘sensatioris they excite, 
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we find at each stage that the response is given in terms of the function 
exercised at each particular level. Thus the effect produced by a set of 
postural afferents is first manifested inthe spacial co-ordination of 
reflexes. Higher in the nervous system their influence is seen in the 
control of posture and regulation of tone. ‘Finally they evoke recog- 
nition of the position and movement of the body in three-dimensional 
space. But, whether the product of their activity be physiological or 
psychical, the same three fundamental processes are evident. R 
~ If, then, a receptive centre is thrown out of activity by some 
mechanical injury, the loss of function will be expressed negatively 
in terms of that level. But the positive manifestations will represent 
the various influences that can still be exerted by the blocked impulses. 
‘Those that can no longer express themselves psychically’ as a sensation 
can still, exert their action on co-ordination and the reflexes, 

The same physiological processes underlie the afferent integration of 


‘a reflex and the co-ordination of two sensations or even of two concepts. 


Bat, in each instance, the product of these vital functions is given in 
the terms of the level at which the impulses exert their influence; 
in the one case it is expressed reflexly, in the other it is manifested i in 
some psychical act, such’ as sensation. 


§ 8.—Projected Sensations. ` 


In the less highly developed forms of animal hfe the body is com- 
posed of many segments, each of which retains a considerable degree of 
autonomy. With the process of evolution the headward parts become 
increasingly dominant; they contain what ‘Sherrington calls the 
““distance receptors”, organs, such as the eye, associated peculiarly 
with projected sensations. 

As far as ‘somatic sensibility is concerned, it is the body and limbs 
which contain the ‘“‘ distance receptors’’; but the cerebral cortex forms ` 
the highest physiological centre for all but the simplest projectional 
aspects of sensation. When the influence of the cortex is removed, and 
the optic thalamus exerts its activity uncontrolled, the patient may cease 
to associate his sensory experiences with any external agency. He com- 
plains that he is being hurt, or that something is happening to him, 
but fails to recognize. that he is being pricked with a pin. Removal of 
the cortical factors in sensation has reduced to elementary proportions 


„the power of projection, as we know it in the intact human being. It 


is no longer possible to recognize the size, shape, weight, and apogis 
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* rélations of an external object, nor, indeed, to appreciate the relative 
intensity of the stimulating action it excites. 

All these aspects of sensation are said to be projected ; we attribute 
them to something inherent in the external object. The affective con- 
sequences of a stimulus betray its relation to ourselves; it is pleasant ` 
or unpleasant, salutary or harmful. But the projected sensations reveal 
to us the world without. ‘They are responsible for recognition of our 
relations in space; to them we owe conscious appreciation of degrees. 
of sensory intensity and the power to appraise the similarity or 
difference of external objects. 

Then factors in sensation do not depend primarily on “judgment > 
or “association”; for, on the physiological level, afferent impulses 
possess projectional characteristics. The same, class of impressions 
which underlie discriminative sensibility can be discovered at work 
controlling and regulating purely unconscions actions. Analysis of 
the reflexes, even in man, shows that the character of the response 
depends not only on the quality, but on the position of the stimulated 
spot; scratching the sole of the foot is followed by a different move- 
ment from that caused by stimulating the skin of the thigh. 

Study of the reflexes at higher functional levels shows that they are 
governed by remarkably complex: projectional relations. So purposeful 
and varied is the response that it is difficult to believe the movement is 
not controlled by the will; and yet the patient may be ignorant that 
anything has happened to him. The movement is not only adjusted 
to the locality of the excitation and the position of the limb, but 
_ depends on the intensity and character of the stimulus. The nature 
"of the response is determined, not so much by the absolute intensity 
and quality of the stimulus as by the relation it bears to those which 
have preceded it in time, or are in action simultaneously; the capacity 
of a stimulus to evoke a particular reaction depends on its relations in 
the past or in the present. Thus, on the reflex level; afferent impulses 
can be shown to be adapted to spacial conditions and to the intensity 
and relative character of the stimulus, although the whole procedure 
remains outside consciousness. If, however, they succeed in reaching 
the highest receptive centres, they endow sensation with spacial attri- 
butes, relative intensity, and individual character. 

Evidently, therefore, the impressions produced on a sentient surface - 
by an external stimulus are endowed with certain sensory potentialities 
from their origin as physiological reactions. The immediate conse- 
quence of the impact of some physical force is the production of an 
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incoherent mass of afferent impressions, which must undergo integra- ‘ 
tion before they can exercise any useful function. This is true not only 
for their qualitative, but also for their projectional characters. 

‘The simplest projected aspect of sensation is shown in the power to 
localize the site of the stimulated spot on the surface of the body. But . 
. Observations on my hand showed that the faculty was the product of a` 
struggle between various different impulses with diverse sensory, 
potentialities. During the earlier stages of the experiment, when the 
surface was entirely insensitive, all sensations were due, to excitation of 
the end-organs of the deep, afferent system which had not been affected 
by the lesion. At this time any tactile stimulus, applied with sufficient 
force to excite a sensation, was localized with remarkable accuracy. If, 
the back of my hand was pressed with some hard object, such as a 
pencil, I was able to indicate the spot without difficulty. But with the 
return of protopathic sensibility to the surface, a struggle arose between 
the different forms of projection characteristic of the two different 
systems. Any stimulus capable of evoking a cutaneous response aroused 
a widespread sensation, referred to some remote part of the affected area. 
Brushing the back of the hand with cotton wool, in the neighbourhood 
of the index knuckle, produced ‘a tingling over the whole dorsal aspect 
of the thumb. Not only was the sensation localized in a part distant 
from the point of excitation, but it seemed to be spread over an extensivé 
area; this bore little direct relation to the size of the stimulated surface. 
This erroneous localization was not fortuitous, but remained the same 
whatever the stimulus employed, provided it was effective; heat, cold, 
and pricking, applied in the neighbourhood of my index knuckle, all 
evoked diffuse sensations on the back of the thumb. i 

If, however, the stimulating object was capable of arousing a sensory 
‘reaction in both the protopathic and deep afferent systems, a struggle 

occurred between the two forms of projection. Suppose, for example, 
that a tube containing ice-water was applied to the affected area; 
excitation of the cold-spots produced ‘a massive, diffuse sensation in 
some remote part of my hand or arm. But, if, the pressure. was 
. sufficient to excite the deep, system of end-organs, I showed a tendency 
to localize the stimulus in the neighbourhood of the spot where it was 
applied.. The ultimate results depended to a great extent on the 
relative strength of the two sensations; the dominant reaction tended 
to determine my localization of the site of the stimulated spot. 

At. first sight it is difficult to understand the significance ‘of this 
double -method of projection; but, in the diffuse response of the 
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protopathic system, we find the remains of an old protective reaction, 
intended to preserve the part from injury. A reaction of this kind 
is admirably fitted to defend the animal from noxious influences; 
it produces movements of withdrawal, which permit of no choice. 
„It is essentially segmental, and is seen in its most perfect form in 
the distribution of referred pain and tenderness due to visceral disease. 
The internal organs are supplied from the protopathic system; there 
is no controlling epicritic mechanism. Any stimulus capable of exciting 
pain produces a segméntal response; the sensation radiates widely and 
is referred to remote parts, including the surface of the body. When- 
ever the site of the stimulated spot can be correctly indicated in visceral 
disease, this is due to the coincident excitation of end-organs of the 
deep afferent system, present in ‘the poveunee and tissues of the 
viscera. 

With the higher development of function in the central nervous 
system these segmental responses are replaced by massive reactions of 
withdrawal affecting the body as a whole. Local defensive retraction 
is replaced by movements of the whole animal. The mass-reflex, which 
occurs in certain favourable cases after total division of the spinal cord, 
is an example of such @ method of response. The lightest stimulation 
of the sole of the foot may still evoke some small adapted movement ; 
bat a vigorous scratch, or a series of pricks, causes a violent flexion 
of the lower extremity at all joints and contraction of the abdominal 
muscles. This may be associated with increased activity of the bladder 
and rectum and an outburst of sweating in the parts supplied from 
the cord below the lesion. All local adaptation to the site or nature of 
the stimulus is swept away in a violent and indiscriminate outburst of 
energy in centres cut off from higher control. 

ı Both the segmental and the massive response are means of defence 
and lead to withdrawal of the part from noxious influences. But they 
hamper voluntary action by the uncontrolled movements they evoke, 
and tend to prevent escape by fixing the body in a position unfavour- 
able for flight. Thé animal crawls into a hole to die or to recover, 
whilst man becomes fixed to his bed. It is necessary, therefore, that 
these modes of reaction should be brought under control of centres 
which allow of choice and determine movements of the complete animal. 
The chief of these centres is the cerebral cortex which, as we have 
shown, is devoted:to the more highly projected aspects of sensation. It 
is by means of sensory projection’ that the affective reactions can be 
controlled. When we attempt to climb through barbed wire, we are 
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forced to respond not only to the pain but to the position of the wire. 
The pain produced by pricking a protopathic hand is all-compelling ; 
it is impossible not to make a movement of withdrawal. But under 
normal conditions this ungovernable reaction is controlled by the 
existence of those forms of sensibility which underlie recognition of, 
relations in space. This enables us to choose whether the hand shall 
be removed or not. 

Thus, in their prdjectional characteristics, the defensive encians in 
man still show evidence of stages in their functional development. The 
lowest form of response is segmental, seen in the case of referred pain 
‘and tenderness of visceral origin. Higher in the scale stands the mass- | 
reflex, which may make its appearance after injury of the spinal cord. 
The situation of the stimulus does not determine the distribution of ` 
the response ; local signature is abolished, and the outburst of energy 
overflows into channels that would be blocked under normal conditions, 
This inevitable and diffuse reaction is in turn brought under control by 
those centres which are concerned with postural adaptation. They 
determine whether a stimulus shall be followed by withdrawal of the 
affected part or by locomotion of the animal as a whole. Thus, it is. 
essentially the spacial elements in sensory impressions which have led 
to the transformation of an inevitable segmental reaction into a dis- 
criminative response of the complete organism. ; 

It is possible to recognize the qualitative aspects of a sensation 
without attributing them to an external stimulus; such reactions are 
related to ourselves, and do not of necessity reveal the character of the 
stimulating object as a constituent of the world around. Affective states 
associated with these sensory qualities are discontinuous; for pleasure 
and discomfort can no more form parts of a sensory continuum than 
pain, heat, and cold. They appear and disappear in consciousness, toning 
the sensation in a distinctive manner, without forming & connective - 
factor in the activities of the mind. 

On the other hand, the projected aspects of sensation are not related 
to otrselves, but to ssternal objects. In fact, an “object” might be 
defined as a complex of projected responses ; it is said to have characters, 
such as size, shape, weight, and position in space, which distinguish it 
from all others. The recognition of such features, however, depends 
on physiological activities, the product of certain definite centres in 
the cortex. If these processes are unable to influence ‘consciousness, the 
“ object” disappears, although its afféctive and qualitative aspects still 
produce their appropriate sensory reactions. 
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These physiological responses, which are closely bound up with the 
activities of the sensory cortex, are characterized by a strict dependence 
on past events. All projected sensations leave behind them certain 
physiological dispositions; for instance, the existence of the schemata 
ensures that a movement, occurring at one moment, is measured against 
the consequences of those which have preceded it. This is not a psychical 
act but occurs on the physiological level; every recognizable change in 
posture enters consciousness already charged with its relation to some- 
thing which has gone before, and the final product is directly perceived 
as a measured postural change. This is the case with all the higher 
projectional aspects of sensation; they form a continuous series of 
dispositions, determined by previous events of a like order. The unit 
of consciousness, as far as these factors in sensation are concerned, is 
not a moment of time, but a “happening.” This consists of a group 
of occurrences belonging to profoundly different orders in the psycho- 
physiological hierarchy. For example, a voluntary movement of the 
hand to the face depends ‘on simultaneous changes in at least three 
sets of serial activities. We must become conscious of the part of the 
_ face which is the goal of the intended movement. But the complete 
motor act cannot occur without the participation of perfect postural 
schemata; it also demands the existence of an appropriate state of 
active muscular tone. All these three factors are products of the imme- 
diate past, active at the moment when the movement is willed, and 
may be affected by injury to the sensory cortex. 

The sensory activities of the cortex are not only responsible for pro- 
jection in space, but also ensure recognition of sequence in time. For 
this would be impossible if a sensory impression had no necessary begin- 
ning or termination, One of the commonest defects produced by a 
cortical injury is this want of temporal definition ; a stimulus, rhyth- 
mically repeated, “ seems to be there all the time.” The patient cannot 
appreciate the moment at which it is applied or removed. There is no 
complete recognition of an extended sequence of events. 

Thus, it is the projected elements in sensation to which we owe 
our conceptions both of coherence in space and in time. I have 
attempted.to show that these factors are not essentially due to judgment 
or conscious association, but. depend to a great extent on physiological 
activities and dispositions. When these are permitted to extite con- 
sciousness, they appear as an ordered sensation, related to other events 
in the external world and extended serially in time. 
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SUMMARY. 
The M ethod. ` 

(1) All the tests we have used in our previous work on disturbances, 
of sensation were chosen because they gave measurable results. But 
the numerical answers yielded by the one could not be directly correlated 
even with those of another closely related test. 

(2) A lesion of the central convolutions sometimes produces loss of 
sensation in the hand which is not distributed uniformly over all the 
digits. Some of them may be grossly affected, others may show little 
or no sensory. disturbance. 

(8) The first sign that sensation is affected in consequence of a 
cortical lesion-is the statement of the patient himself, that the tests are 
less easy on the abnormal digits. This is spoken of throughout this 
paper as an ‘‘introspective’’ change. 

` A more advanced disturbance is shown by a raising of the threshold. 
Perfect answers can be obtained if the task is made easier. 

The next stage is shown by the absence of a threshold; increasing 
the strength of the stimulus does not of necessity produce a perfect 
series of responses. 

(4) In such cases the test which reveals the most severe loss of 
sensibility will be affected over the largest number of digits. 

(5) In any group of tests, which appeal to the same aspect of sensa- 
tion, the one which offers the hardest task suffers most severely. 

Thus, amongst the methods for examining the power of spacial re- 
cognition, a test in three dimensions is more affected than one requiring 
discrimination of two points or simply localization of thé stimulated spot. 

(6) Thus we are able to correlate these empirical tests and divide 
the loss of sensibility they reveal into qualitative groups by noting the 
number of digits affected and the nature of the sensory disturbance . 
on each finger. 


The Results obtained from the Study of such Sensory Dissociation. 


(7) This method of investigation showed that the sensory activity of 
the cortex could be divided into three categories. It is not associated 
with crude recognition of touch, pain, heat and cold, but endows sen- 
sation with three discriminative faculties. , 

Thess are: (a) recognition of spacial relations; (b) a graduated 
response to stimuli of different intensity; {c) appreciation of similarity 
and difference in external objects, brought into contact with .the 
surface of the body. 
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These three aspects of sensation can be distributed independently 
‘ of one another in consequence of a cortical lesion [p. 106]. ` 

(8) Spacial recognition. 

Some loss of power to recognize passive movements of the affected 
part forms one of the most frequent consequences of injury to the sensory 
` cortex., In fact, it may be accepted for clinical purposes as a leading 
sign in the syndrome of cortical disease. This test is a means of 
investigating the appreciation of spacial relationships in three dimen- 
sions; the compass-test and “spot-finding”’ (topical localization), as we 
have employed them, are explorations in two- and one-dimensional 
recognition. _ 

Whenever the spacial aspects of sensation are disturbed by a lesion 
` of the cortex, the appreciation of passive movements is most extensively 
and most gravely affected. Discrimination of two, compass-points is 
less severely disturbed and the loss of sensation occupies a smaller 
number of digits. Lastly, localization carried out strictly according 
to our method shows the smallest of any of the three tests.’ [Table 
on p. 109.) 

(9) Intensity. 

_ From the cortical aspect the tests we use for measuring ‘sensibility 
to touch, to temperature and. to pain are not of equivalent value. The 
tactile hairs demand a high degree of constancy and a strictly graduated 
response to stimulation. Appreciation of heat and cold, as we are forced 
in most cases to examine it clinically; depends comparatively little on 
cortical activity ; for whilst it is easy to say whether an object is hot or 
cold, it requires an intelligent patient ‘and favourable conditions to test 
the relation of two warm stimuli to one auother or-to determine the 
thresholds for heat and cold with approximate accuracy. Similar 
difficulties occur, to an even greater degree, with all measurable tests 
for painful stimalation. 

At the same time these three qualities of sensation are dependent on 
the physiological activities of the cortex and optic thalamus to a pro- 
fonndly different degree. Correct appreciation of the tactile hairs 
demands & ‘high grade of cortical function, whilst a prick appeals almost 
entirely to the optic thalamus. - 

Consequently, the tactile hairs show the greatest and most extensive 


1 This statement presupposes that the patient is able to recognize touches with some 
approach to uniformity. The effect of want of tactile appreciation on these tests is dealt 
with in Ohapter IV, § 56, p. 124. 
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loss as the result of a cortical lesion. Appreciation, of thermal stimuli 
suffers to a less degree and over a smaller number-of digits, whilst 
sensibility to measured prick is rarely affected. [ranig on pp. 114 and 

115.] i 

(10) Recognition of similarity and difference. 

The tests which come under this category are those for appreciation ' 
of size, shape, weight and texture, apart from theii purely tactile 
qualities. 

As far'as the cortex is concerned, these aspects of sensory discrimina- 
tion tend to be disturbed’ altogether. On subcortical levels, each of 
them depends on more than one stream of afferent impulses. But 
as soon as we have to deal with loss of sensibility of cortical origin, we 
are face to face with destruction of the activities of the: centre itself and 
not with disorders ,of conduction. 

All these tests, the weights, the different shapes and stuffs of various 
-textures, demand the same power of discrimination and are found to 
fail together. Tests capable of measurement, such as those for 
the appreciation of weight, will obviously reveal a slighter degree of 
change than those which consist in recognition of certain fixed shapes 
and textures. 

The faculty of recognizing the similarity and difference in objeta 
‘brought into contact with the body depends upon one of the funda- 
mental functions of the sensory cortex. It can be disturbed apart from 
the power to appreciate spacial relations and independently of the 
graduated relation to stimuli of, different intensity; it may also be 
preserved in spite of gross defects in these functions. l 

(11) Tests which depend on -more than one of the’ fundamental 

functions of the sensory cortex. 

(a) The simultaneous compass-test demands that a series of contacts 
' can be appreciated with some reference to the intensity of the stimulus. 
But, granting that tactile sensibility is not affected, the compass-points 
are a method of testing recognition of relations in two-dimensional . 
space. A cortical lesion not uncommonly disturbs both aspects of 
sensibility and it is important to determine how each form of sensory 
loss affects the records of the compass-points. ` 

When this test is disturbed in consequence of defects of tactile 
appreciation, the answers are confused and errors appear, not only in 
the recognition of two points, but also when the patient has been 
touched with one ‘point only [p. 128]. ‘ 

If, however, tactile sensibility is not affected the patient is unable, to: 
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distinguish single and double.contacts and shows a tendency to call them 
all “ one” [p. 127]. 

(b) Topical localization (or “spot-finding’’), as carried out by our 
method, depends on the due appreciation‘ of relative intensity and is 
also one aspect of spacial recognition. 

Observations in selected cases seem to show that a defective response 
to contact stimuli appears on the records as a diffuse localization. The 
patient may pass his indicating finger up and down the assistant’s 
finger, saying, “ The spot seems spread out so that I can’t exactly say 
what part of it you have touched” [p. 131]. 

When, however, contacts are appreciated perfectly hut recognition of 
spacial relations is disturbed, the loss of localization may take another 
form. The patient i is unable to decide which digit has been touched ; 
he complains, “I have*difficulty in making up my mind.” The error 
takes the form of inability to determine on which finger or on what 
part of it the touch has‘fallen:[p. 129]. 

(c) The power of recognizing various stuffs by feeling them with 
the fingers is obviously dependent on the accuracy of tactile impressions. 
But there is another aspect of this test which demands the essential 
faculty of appreciating similarity and difference. 

. By choosing suitable cases this appeal to two sides of cortical 
activity can be demonstrated. When the orderly response to contact 
of graduated intensity is disturbed, the patient hesitates and is puzzled 
by the curious sensory differences in his two hands; he may, however, 
name the stuffs more or less correctly (p. 133). If the power of 
“` appreciating similarity and differencé is alone affected, his answer 
approximates more or less to “I don’t know what it is,” and he 
cannot name correctly the various textile substances (p. 13%). 

(12) Tests which appeal to centres in the cortez and in the optic 

thalamus. 

(a) Measured prick.—The sensory effect produced by a prick owes 
something to the physiological activity of the cortex; but this is small 
compared with the overwhelming part played by the optic thalamus. 

A cortical lesion produces no true raising of the threshold to prick 
unless it is extensive or is associated with subcortical destruction. It 
may, however, induce a change in the sensation produced by pricking, 
which is recognized by the patient. The two hands “ feel different” ; 
it is ‘‘ plainer, sharper,” “‘ more distinct,” over the normal than over 
the affected digifs. Sometimes the whole character of the sensation is 
said to be changed, and seems to “tingle” or to resemble “ electricity.” 
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- (b) Vibration (tuning-fork test).—Disease or injury at lower levels 
of the nervous system may destroy all power of appreciating vibration. 
But so grave a loss never occurs in consequence of a stationary lesion of 
the cortex unless it happens to be associated with epileptiform attacks 
or other causes of shock; for vibration appeals both to the optic . 
thalamus and to the cortex, although the latter element is the more 
important in the ultimate sensation. TE 

‘A tuning-fork, beating 128 vibrations in the second, is almost always 
appreciated for a shorter period over the parts affected by a lesion of 
the sensory cortex. This loss of appreciation runs part passu with the 
want of recognition of passive movement [Table, p. 145]. From the 
peripheral end-organs to the cortical centres both tests appeal to the 
same physiological functions. 


-Subcortical Lesions. 


(18) The nearer the lesion lies to the internal capsule, the more 
extensive is usually the loss of sensation, and the more certainly does 
it tend to assume a hemiplegic distribution. Moreover, the sensory 
disturbance is extremely gross compared with that due to more super- 
ficial lesions [p. 134]. 

The closer a subcortical injury lies to the surface of the brain, the 
more nearly does the character of the sensory disturbance approximate 
to that produced by lesions of the grey matter. But the grouping of 
the dissociated sensibility does not correspond to the three cortical 
categories, recognition of spacial relations, of graduated intensity and of 
the similarity or differences of. the stimulating ‘object. The loss of” 
sensation still reveals the arrangement of afferent impulses before they 
have been subjected to integration by the sensory cortex [p. 136]. - 


7 Hypotonia. 


(14) An uncomplicated lesion of the sensory cortex may produce 
hypotonia. This is closely associated in distribution and degree with 
the want of recognition of posture and passive movement (Tables on 


‘ pp. 152 and 154]. Both defects are due to a disturbance of those 


physiological dispositions in the cortical centres which hare been called 
schemata. 

(15) This ‘is a completely different condition from „paralytic hypo- 
tonia, which is associated with gross loss of voluntary motor power 
[pp. 155 and 156]. . 
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Anatomical Localization of these Sensory Functions. 


(16) Loss of sensation of the cortical type may be produced by a 
lesion of the pre- and post-central convolutions, the anterior part of the 
superior parietal lobule, and the angular gyri. These portions of the 
hemisphere contain the sensory centres. , l ' 

(17) The form assumed by a cortical loss of sensation is not 
expressed in anatoniical or physiological terms, but in those of the 
most elementary processes of mind. ‘The anatomical lesion upsets the 
orderly sequence of physiological processes, and this defect of function 
is manifested in disturbance of the psychical act of sensation. 

(18) Changes in sensibility of cortical origin on the upper extremity 
do not follow the distribution of axial or radicular lines. Each digit is 
a unit, which can be used in an isolated act either of motion or sensa- 
tion; as such it is represented topographically on the cortex. ‘The 
same rule applies to the palm of the hand, where the changes in 
sensibility correspond to the proximal extension of the affected digits. 
The elbow and shoulder are separately represented, because each of 
these joints is an important centre of the postural activities of the upper 
extremity. \ l 

(19) It is the functions, rather than the anatomical relations, of 
. any one part of the body that are represented. Consequently those 
portions, such as the hand, which are endowed with the highest powers 
of discriminative sensibility, are most: exclusively represented. Next 
in order comes the sole of the foot, which constantly exerts a dis- 
criminative action in walking. 

Hence a cortical lesion may disturb the sensibility of the hand and 
foot without of necessity’ affecting the elbow, shoulder or knee. 

(20) If the loss of sensation is greatest over the little finger and its 
neighbouring digits, the foot tends. to show some sensory or motor 
disturbance. But when the loss of sensation reaches its maximum over 
the thumb and index finger, the face and tongue are liable to be 
affected; if the lesion lies in the left hemisphere, speech will probably 
have been disturbed, to a greater or less extent, at some time in the 
history of the case. [Tables on p. 168.] f 

(21) The three aspects of sensibility, due to the activity of the 
cortex, are not disturbed uniformly in every instance of a lesion to the 
surface of the hemisphere. , In certain rare cases complete dissociation 
may occur. [Table on p. 174.] 

(22) This shows that the three fundamental functions of the sensory 
cortex are not represented to an equal degree invall parts of its extent. 
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(a) Injury anywhere within the sensory area on the hemisphere is 
liable to cause some. loss of appreciation of spacial relationships in the 
hand or in the foot. But the farther forward it lies within this region, . 
the grosser and more extensive is the disturbance shown by the spacial 
tests. ` ` 

(b) The power of recognizing differences in weight and shape is 
most severely and most extensively affected by: a. lesion which falls 
‘over. the post-central convolutjon.. — 

(c) Those tests which depend mainly on due recognition of stimuli - 
of graduated intensity are more likely to be disturbed, when the injury 
falls upon the posterior and inferior portions of the sensory area: Any 
lesion lying mainly within a: zone which occupies the foot of the pre- 
and post-central convolutions, the angular and supra-marginal gyri and 
_ the superior parietal lobule, is liable to be essociated with disturbances 
of tactile sensibility. If this is severe and extensive, the patient may 
be unable to distingnish various degrees of warmth abont which he has 
no doubt on the normal hand. 


Theoretical Conclusions. 


x 


(23) The sensory disturbance produced by a cortical lesion is not & 
paresthesia or a hypossthesia, but a definite loss of powey to appreciate 
one or more of the three aspects of sensation, which depend on the 
physiological activity of the cortex. 

(24) Analysis of afferent impulses, on their passage through the 
central nervous system, tells us nothing of their origin or final fate. If 
‘ we wish to learn how they arose, we must produce an analogous dissocia- 

tion in the peripheral nervous system ; and their ultimate grouping can 
only be shown by breaking up those complex, physiological activities 
.which directly underlie sensation. At either end of the chain we are 
brought face to face with elementary physico-physiological and psycho- 
` physiological processes respectively. i 

(25) If the functions of ẹ lower more primitive organization are 
kept under control by the activity of.a higher afferent system, the 
removal of this dominant mechanism does not exhibit the vital processes 
of the phylogenetically older organs in all their primitive simplicity. 
The setting free of @ primitive activity from higher control reveals a. 
condition which is part of the complete act. Thus, the reactions of 
the human optic thalamus, freed from the restraining influence of the 
cortex, are an almost perfect expression of the non-discriminative 
aspects of sensation: ; 
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(26) When dissociation occurs, either on the physiological or 
psychical level, the manifestations represent that portion of the 
complete function which still remains active. 

Should the function lost belong to the same level as that which 
remains, the loss of the one does not materially affect the other e.g., 
dissociation of the various aspects of cortical sensibility). If, however, 
the factor which has been eliminated exercised some control over that 
which remains, primitive characters may appear that are not manifest 
under normal conditions (e.g., the thalamic syndrome). 

(27) The simplest physical stimulus, acting on the peripheral nervous 
system, may produce afferent impulses which are incompatible from the 
point of view of sensation. These are sorted and re-grouped ; some are 
facilitated, others are repressed, before the final sum is presented to 
consciousness. Many afferent impulses remain on the physiological 
level and never’-form the basis of a sensation; they are destined to 
control reflex activity or to co-ordinate movements of the body and 
limbs. 

(28) The simplest sensory A is the result, not only of prolonged 
qualitative integration, but of a constant struggle for functional 
dominance. On the higher physiological planes, impulses which are 
precluded from exciting sensation are not wiped out; they may 
produce a profound and manifest effect, although they cannot excite 
consciousness. 

The closer we come to those centres which directly underlie sensa- 
tion, the more evident is it that impulses, which fail to excite conscious- 
ness, do not of necessity cease to. exert any physiological influence. , 
They may be repressed by their successful Tivals, but they are not 
therefore abolished. . 

(29) Similar physiological processes underlie the afferent integra- 
' tion of a reflex and the co-ordination of two sensations or even of two 
concepts. But, in each instance, the product of these vital functions 
is given in terms of the level at which the impulses exert their influence ; 
in the one case it is expressed reflexly, in the other it is manifested in 
some psychical act, such as sensation. i 
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APPENDIX. 


SHORT ACCOUNT OF SOME OF THE CASES ON WHICH THIS RESEARCH 
IS BASED. 


This portion of the paper consists of two parts. In the first I have 
given a short account of. a series of illustrative ' cases [Nos. 2, 3, 5, 6, 
8, 15, 18, 19, and 23]. 

In the second part I have described as far as possible the situation 
and nature of the lesion in each case. Professor Elliot Smith has 
“ kindly localized approximately the site of the injury on‘ the surface of 
‘the hemisphere from the data given to him.. I am fully aware how 
difficult it is to judge of the position of a cerebral lesion from a wound 
on the surface of the skull, but reproduce figs. 3 to 23 with a full 
consciousness of the uncertainty of such localization.. 


(A) SHORT ACCOUNT OF A SERIES OF ILLUSTRATIVE CASES. ` 


Oase 2.—An example of wjury to the cortex wsthout penetration of the 
` skull. Wounded January 26, 1916, by the fragment of a shell in the 
anterior part of the left partetal region. Not trephined. Radsograph 
showed sngury to outer but none to mner table of the skull. Examined’ in 
the third and fourth weeks after the wound. Right upper extremity only 
affected. Grasp of right hand dimsnighed. Individual movements of the 

. fingers were defective. Writing changed. No hypotonia. Right wrist- 
jerk increased. Other reflexes normal. Sensation most severely affected 
over the little finger, rapidly improving towards the pre-axtal parts of the 
hand. Passive movement badly appreciated over four digits, the compass- 
test over one; localization not affected. The tactile hairs, thermal tests 
and prick showed introspective changes only, confined to the little finger. 
Weights and the texture of various fabrics were not perfectly recognized 
over the little finger. He greatly improved, and a set of observations made 
ninety-four days after the wound showed changes an the little finger only. 

Lieutenant F. W. B., aged 31. 

On January 26, 1916, he was hit by the fragment of a shell which burst i in 
the air. He fell, but does not think he lost consciousness. The right arm 
“ dangled loosely and was all pins and needles”; he could, however, move it 
at the shoulder. He walked to the dressing station and, after a night spent 
in the field ambulancé, was sent to the base nexi day. On February 5 he was 
admitted to the Empire Hospital for Officers, under my care. He thought his 
arm had rapidly improved up to January 31, but since that time its condition 
‘had remained stationary. Neither face nor leg had been affected at any time. 

On admission, the wound consisted of a stellate bruised tear in the scalp 
about 2'5 om. in length, which healed rapidly. The centre of this cut was 
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situated 19 cm. from the nasion and 5 om. to the left of the middle line. 
The total nasion-inion line measured 34 em. A radiograph showed injury to 
the outer, but none to the inner table of the skull. 

-Tho following observations were made. in February, 1916, during the ae 
and fourth weeks after the wound. 

He was a most intelligent man, an engineer by profession, and his intro- 
spective experiences were unusually definite and well expressed. The 
examination interested, him and he showed no general fatigue. The effects 
of local fatigue were obvious in ‘the readings from ‘the affected parts, but else- 
where his answers remained remarkably constant from day to day. 

Speech was normal. There was some headache at first; but it rapidly 
disappeared. There was no nausea or vomiting, even when he was first hit. 


-  _He‘had not suffered from convulsions or seizures. 


Vision was unaffected and the dises showed’ no change of any kind. The 
pupils reacted normally, a movements: were well performed and there was 
no nystagmus. i 

Face, tongue and palate were unaffected. i 

Reflexes.—The only abnormality in the superficial or deep reflexes was 
“shown by a definite increase of the right wrist-jerk compared with the left. 

> Motion.—The grasp of the right hand was certainly somewhat affected ; 

for, although he was by nature right-handed, the grasps were equal. Tadividual 
movements of the digits of the right hand were less quick than those of fhe 
left, and he said, “ All the fingers come forward. and I have to pick out with 
the thumb the one I want to touch.” This exactly expressed the condition 
observed. The greatest clumsiness occurred, when he attempted to approximate 
the tip of the thumb to that of the little finger. When he held out his hands 
in front of him, there was slight difference only in the alignment of the fingers, 
But when his eyes were closed the little finger became abducted and. fell away, 
and the ineo-ordination of the individual movements of the other digits was 
greatly increased. ` Sa 

There was no wasting and no change in iene: 

All the movements of the right elbow and shoulder were strongly performed 
‘against resistance,. but he was somewhat clumsy, when he attempted to touch 
his nose rapidly with his right forefinger. This was not increased by closing 
his eyes.- 

He could sti throw with. remarkable accuracy, but his writing was some- 
what affected; this was particularly evident in the curves of such letters as 
B,.M, N and W. ‘He found it easier to write with a pencil than with a pen, 
for the nib seemed to catch in the paper. 

The lower’ extremities were in every way normal’ and the right leg had 
never been affected. , 

Sensation (between February 9 and February 24, 1916). 

He said he was in every way normal except in the right hand, where his 

little finger and corresponding parts of the palm’ and dorsal surface “felt stiff.” 
At first this “ feeling” occupied the ulnar aspect of the forearm to the elbow ; 
but this had to a great extent passed swiy. 


~ 
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< Bight (affected) hand Lefthand 
Lattle inger Ring finger Middle finger Index finger Thumb Normal digits 
—— PEA ~ - K - í PAE K BEEE, 
‘ Measured 12° to 25°; 5° to 8° . 6° to 10% "8° to 6° 1°. Normal | 1° or under 
movement | gross errors . i t if , 
Vibration ..| Gross loss Affected _. Affected Affected a — 
NIA Aye; ' + an g 
Compass-test | Perfect at Perfect at Perfect at, Perfect at Perfect at | Perfect at 
2 om. 1 om. 1m. Iom. lom. , *-lLom. 
_ Localization Perfect Perfect, |' Perfeot - |.. Perfeot Perfect . | Perfect 
Tactile hairs | 14 grm./mm.?;| 14 grm./mm.3| 14 grm./mm.? | 14 grm./mm.*| 14 grm./mm.?/ 14 grm./mm.* 
`| introspective ‘ $ so . 
change us č; . : 
Thermal .. |Slightohange; Normal Normal Normal Normal — 
i introspective j . , . i Geg 
Prick Slight change Same Same . . Same Same Threshold, 8 
` ` R. and L. R. and L. R. and L, R: and L grm. 
Weight “ Blower; ',. Perfeot. ' , Perfect Perfect Perfect .| Perfect (twelve 
introspective i ‘ roo oy tests on each 
, change : sy K ` finger} i 
Texture Defective Good Good Good Good Quick at recog- - 
i Š nizingall four 
, j fabrics * 





, The lower extremity was ee unliosies: 


Measured movement.—Of ‘all the digits of the right hand the thumb signs i 
was unaffected. In the index, middle and ring fingers the extent of the passive 
movement: necessary to evoke recognition was considerably increased, but in 


' the little finger the answers were confused ; in three instances he indicated 


. ¡movement in the wrong direction witha range of 20° to 256% 


little finger is that it seems.like an echo. 
- with an echo. 
_ which influences the part around, or two -points. 


2 . He said, “I 
appreciate some movement, but cannot tell its direction with certainty.” 
Compass-test-—The little finger alone was affected and .the threshold ` 
was raised to'1'5 cm. But even at this distance his answers were doubtful, 
though correct, and it was not until the ‘two points were separated by 2 om. 
that he became certain. He complained: “The thing that puzzles me on the ` 
I don’t know whether it is two or one. 
When they are close together I can’t tall whether it is one point, 
When they are wide apart, 


” the second point falls outside this part influenced, and I know'it is two. Bh Asa 


‘Tactsle hairs.—He gave a perfect series of answers on the little finger even 
with a hair of 14 grm. lmm’, but the response was slower from the right than 
from the-left. -He said, ‘ “The first two or three touches were fairly clear; but ` 
it seemed to become more difficult and } wasn't so certain. I was doing it with ` 
an effort on the affected hand, instead of not thinking about it.” 


` Thermal tests. —The only change was discovered in the little finger. .The - 


threshold for heat and for” cold'was not materially different in the two hands, 


but such temperatures aS 30° to 40° C. seemed warmer on the normal than on 
the affected side. : : 


‘ i Ka 
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Prick. There was a definite introspective ders between the sensation im 
the two little fingers; with’ 3 grm. he said the prick was “ quite clearly felt ” 
on the normal hand, but was “occasionally a slight- prick ” on the right little 
finger. On increasing the strength-of the stimulus to 3°6 grm., he said it was ` 
“ olearly a prick” on both hands. No such diffaronps was found between the 
sensation from the two ring fingers. 

Werght—Whon various weights ‘of between 20 and 100 grm., covering 
exactly the same surface, were added and removed, he gave quick and perfect 
answers on all but the little finger of the right hand. Here I was forced to wait 
longer and he responded with much Jess certainty. He said, “I’ve more 
difficulty with the little finger. The charges in weight are not'so pronounced, 
and I was not so absolutely sure that I was right as on the other fingers.” 

, ‘This difference came out even more clearly, when he was permitted to lift 
the finger on which a weight had been placed. When asked to compare 80 and 
100 grm. he made no mistakes anywhere except on the little finger of the right 
hand ; here out of six tests he failed in three and was not perfect in his answers 
when comparing 70 and 100 grm. He said, “On the right little finger it is 
more of a strain; unless I pick it up at onog I can’t get it at all. It seams to 
merge into a confused feeling.” 

Texture.—For this test on the right hand he invariably used the thumb and 
index finger, and when forced ,to use the little finger he said he judged by 
the sensation of the thumb alone. When the various fabrics were rubbed 
` across the digits, he complained ‘that they “felt different on the right little 
finger,” Here: he recognized silk and cotton, but was uncertain about flannel 
and ribbed velvet, except that he said flannel was “rougher.” When each 
fabric was rubbed over one little finger and then over the other, he failed 
to recognize that the ribbed velvet was the same substance on the right as on 
the loft hand; y same error occurred with silk, : 


p] 


He was examined again on n April 80, 1916, Anel: four days after the wound. 
He still noticed' the same difficulty in writing, but Tomna no difference when : 
playing golf. 

_ The arm-jerks were now equal. The grasp of the right hand had greatly 
improved, but isolated movements, of the little finger were still clumsy. When 
he held his hands out in front of him, the varioug parts were in perfect align- 
ment, and the little finger-no longer fell away, when the eyes were closed. 

There was no hypotonia. 

Sensation had improved greatly.. All -the digits ` of the right hand gave 
perfect readings with 1° of passive movement, except the right little finger, 
where from 15° to.2° were required. To the.compass-test he had no difficulty 
at 0°75 om. on all the digits, except the'little finger; here he failed at this 
distance, but gave s perfect series‘at 1 om. Hoe said, however, “ On the right 
little finger I still have the feeling: of an echo. It-is harder for me to tell 
whether there are two points, but directly you put them further apart I 
am certain.” Localization-was perfect. “He could appreciate a tactile har 
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‘of 14 grm./mm.’ on his right. little finger, but said the sensation was “ duller 
` and fainter, less clear” than on the normal hand. “Weights and." texture 


were now 'perfectly appreciated. 


Oase 3.—An instance of dissociation of sensory functions due to a cortical injury. 
Wounded June 7, 1917, by a rifle bullet. Trephined over the right 
Rolandic area June 8,'when “a large piece of bone and extradural clot ' 
were removed.” Admitted under my care July 7, 1917, with an unhealed 
wound an the right parietal region. At that tyme the lower part of the left 
half of the face moved’ poprly and the tongue was protruded to the left. 

‘Left arm- -jerks were, exaggerated. Left lower abdominal reflex defective. 

Left hand affected ; sndividual movements impossible. - Movemcr.s of ' left 
wrist and- elbow less powerful than those of right. No hypotonia at this, 
stage. Sensatson showed from the first profound dissociation. The spactal 
-aspects were not normally appreciated, and the power of recognizing simi- 

larity and difference was diminished, but he reacted per fectly to graduated 

‘tactile and thermal stimuli. He remamed under observation and was 
examined’ from time to time. A series of records, made during the 10th 

and 12th months after the wound, showed that hypotonia had gradually 
appeared in those fingers in which the loss of recognition of posture and 
passive movement was most severe. This hypotonia accompanied the return of 
motor power and recovery of the reflexes. Sensation showed the same funda- ` 
mental dissociation as before. This made it posstble to work out the form 
assumed by the loss of appreciation of weight and texture, in the absence of 
changes in tactile sensibility. It'also showed the nature of defects in the. 
` records of the compass-test, when spacial relationships are disturbed, but 

touch is not affected. : 


Bombardier J-W. B. aged 26." 

On June 7, 1917, he was hit by a sniper’s bullet, which penetrated his 
helmet. He remembers a singing in his head and a feeling as if two hammers 
met; then he dropped. Hé. noticed that his .left arm was weak, but after 

‘about twenty minutes he could walk with help though his left leg was dis- 
tinctly affected at first.. After his wound: was dressed, he walked about ` 
5 kilometres’ to the motor ambulance. He arrived at Boulogne, on June 8, and 
was trephined over the Rolandic area. The field card states that “ a large piece 
of skull and extradural clot” were removed. 

` He was admitted to the-London Hospital on July 7, 1917, with a deep- 
Isnceolate wound, situated. from 17°5 to 19 om. back from the nasion, and 
from 4 to 8 om..to the right of.the middle line. The total nasion-inion line 
measured 35 em. The wound had a granulating base; which pulsated heavily. 

_ Cultures grew Staphylococcus albus only: 

Condition in July, 1917, forty days after the Wound. , 

The importance of this case lies in the condition, which was present many 


months after the wound had healed; but I shall summarize first of all the 
observations made shortly after his first admission hs hospital. _ 
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His mental state was excellent and speech had not been affected at tuny 
time. ` 

Vision was perfect, the fields were not restricted and the discs were normal. 

The pupils reacted normally, movements of the ae were well performed 
and there was no nystagmus. 

The lower part of the left half of his face did not move so well as the right, 
. and the tongue wąs protruded a little to the left. 

Reflexes.—The left wrist-jerk and triceps-jerk were distinctly exaggerated, 
but the knee- and ankle-jerks were equal and there was no ankle clonus. The 
plantar reflexes were normal. A reflex could be obtained from all four areas 

_ of the abdomen; but, whereas those from the,right upper and lower segments 
were quick and vigorous, the reflex from the left lower quadrant was obtained 
with difficulty and was of small range. 

MotionThe grasp of the left hand was profoundly diminished and ` 
` registered on the dynamometer 5, compared with 58, the force exerted by 
his right hand. He could not carry out individual movements with the 
fingers of the left hand; they’ tended to remain passive or to be flexed ina 
bunch, whilst the thumb moved across to be approximated to the tip of each 
finger in turn. Movements of the left wrist wore feeble and those of the elbow 
were not so strong as on the other side. The shoulder was not affected. 

The fingers of the left hand were not in alignment, when the hands were 
held out in front-of him; the wrist became flexed and the whole arm swayed 
unsteadily. As soon as the eyes were closed the hand dropped and the fingers 
became irregularly flexed. Even with the eyes open, on attempting to touch 
his nose, the movements of the left hand were inco-ordinate and unsteady, and 
when they were closed the ataxy was pronounced. ` 

There was no obvious spasticity and no hypotonia. 

The left forearm and hand were distinctly wasted; this was ‘most visible in 
the interossei and was less evident in the musclesof the thumb. The arm and 
shoulder muscles were not affected. ` 

In the left lower extremity there was no gross loss of power and no wasting ; 
but the movements were not quite so accurate as those of the right leg. “He 
could, however, stand equally well on either foot with the eyes closed. 

Sensation. — The outstanding feature of the sensory disturbance was 
, the considerable want of recognition of measured: movement in all the 

digits and the wrist, together with gross loss of discrimination of weights 
in the little and ring fingers, in spite of perfect sensibility to touch. This 
is a case where the various sensory activities of the cortex were dissociated 
from an early stage. é 

I shall, therefore, pass over ‘his condition during Wë intermediate period i in 
order to lay stress on the observations made during March, April and Moy, 

1918, ten to twelve months after the wound. 

The scar was firm and did not pulsate. He had been discharged from the 

‘Army and was at work, rarely suffering from headache except when tired. 
He was remarkably: bright and intelligent, handing himself over willingly 
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for examination. His answers were given without hesitation; he made no 
attempt to interpret his sensations and was not introspective. : 

Reflexes. Great improvement had taken place and the two elbow- jerks 
were almost of equal strength; there was no difference between the triceps- 
jerks. The abdominal reflexes were equally brisk on the two sides in all the 
areas. 

Motion.—The grasp of the left hand had greatly improved .and individual 
movements could now be carried out by each finger in turn. They -> were, 
however, slower and less perfect than those of the right hand, which were 
quick and precise. The various digits were in good alignment, when he held 
























































his hands out in front of him, but they fell away when he closed his eyes and . 
the movements of the fingers of the left hand became distinctly ataxic. ' 
The little and ring fingers of the left hand, and to a less degree the middle 
finger, were now definitely hypotonic, whilst the index and thumb were normal. 
There was no wasting; but the ulnar half of the left hand was soft ‘and 
toneless to the touch, compared with similar parts of the right. : 
Sensatron.—He was at work but had no necessity to use his left hand 
except for lifting. He could pick up objects with the forefinger and thumb 
but complained that he was clumsy with the middle, ring and little fingers. 
Left (affected) hand Right hand 
z p Thumb Index finger | Middle finger | Ring finger Little finger _ Normal digits 
Measured 1°. Intro- 1° to 2°, 1° to 2°. Gross loss |' Grosaloss | Perfeot at 1° 
movement} spective Direction | Direction 
defective defective » \ 
` Vibration .. | Not affected! 4 to 6sec. | 4 to 5’sec, 10 seo. 10 seo. — 
Compass-test 1 om. 1 om. lem. Gross loss | Grogs loss | Perfect at 1 om. 
cana : at 5 om. at 6 om. 
Localization Good Good Good Affeoted Affected | Good x 
Tactile hairs Normal Normal Normal Normal Normal | Perfect with 
Kz ‘ 14 grm./mm.3 
Thermal Normal Normal Normal Normal Normal | Can distinguish 35° and 
; 40°O. perfeotly 
Priok .. | Normal Normal Normal Normal Normal | Threshold about 4 gem. 
Weight ' Perfect Perfect Distinctly | Gross logs | Gross loss | Perfect appreciation of 
i affected 80 and 100 grm. Per- 
: fect answers to addi- 
i tion and subtraction 
Form Perfect Perfect Slightly Gross loss | Gross loss | Perfect appreciation of. 
affected , ‘the six tests.. Objects 
‘rolled over palmar as- 
| „| _ pect of fingers 
Texture Perfect Affected Gross loss | Gross loss | Perfect appreciation of 
; ribbed velvet, silk, 
flannel .and calico 
rubbed over digits 











~ Passive movement was appreciated within normel limits on the left thumb, 
but he said. it was “less easy” than on the right hand. With the index and 
_* middle fingers the readings were slightly raised, and he tended to be somewhat 


á 
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uncertain of the direction of the movement with an excursion of 1° to 2°. 
Both ring and little fingers were grossly affected; he did not appreciate a 
movement of less than 20° to 30° and in,many instances its direction was 
wrongly indicated. 

The compass-test gaye normal readings over the thumb, index and middle 
fingers of the affected hand, but over both ring and little fingers contact with 
two points was invariably called “ one,” even when they were separated to a 
distance of 5 cmi. He said, “ I feel the pressure quite well, but it all feels the 
same. It is not like the other fingers.” , ; 

Localsgation'had throughout remained unaffected on the thumb. In view 
of the normal state of tactile sensibility, I chose the palmar aspect of the four 
post-axial digits for a more extended series of observations than usual on 
topical localization. Twelve contacts ' were made, first on the normal and 
then on the affected side; this was repeated three titnes on each hand to the 
number of seventy-two in all. Every touch on the normal hand was correctly 
localized, but the answers from the fingers of the affected side showed a 
disturbance increasing in a post-axial direction. © Thus, whilst all nine stimuli 
were correctly localized over both the left index and middle fingers, he made 
two mistakes over the ring, and six over the little finger. Of these six errors 
one was placed on the wrong digit, three were more or less distal, and two 
were proximal to the spot stimulated. Both the mistakes on the ring finger 
consisted in choice of the wrong digit. 

All the digits of the affected hand gave perfect records to the tactile hars, 
even with 14 grm/mm.’, the smallest strength of stimulus to which he 
responded constantly on the normal fingers. There was no introspective 
difference between the two hands. Thermal senssbiltty was equally good on 
both ‘sides and prick was not affected. The whole of this aspect of cortical 
activity remained throughout untouched by the destructive effects of the 
lesion. 

But the appreciation of sles weights, form and texture was gravely 


‘affected in the little, ring and to a less degree in the middle fingers of the left- 


hand. In view of the perfect reaction to varying intensities of -stimulation, 
this was a most ‘instructive dissodiation. 

Weight.—This case also illustrated the rule that with a cortical lesion 
inability to discriminate weights is independent of the manner in which they 
- are applied. If the hand was carefully supported, and weights were added or 
subtracted on each digit in turn, he failed to recognize the direction in which 
the load had been altered in spite of perfect tactile sensibility. He was also 
unable to recognize the difference between two weights placed one after the 
other on the affected fingers, even when he was Porenere to move them and 
to ‘‘ weigh ” each test-object in‘turn. 

‘Phus, with the method of addition and subtraction, ihe thumb and index 
gave normal readings; on the left middle finger he did not reply to five of the 
twelve changes in weight, on the ring finger he did not answer on six occasions 
and thought all the weights had been removed, when:one of 20 grm. still 
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remained onthe hand. On the little finger, he failed to appreciate ten out of 
twelve changes and asserted that there was no weight when 140 grm: still 
remained on the hand. He also experienced hallucinatory changes of weight, 
‘describing addition and removal, when the pile remained untouched. He 
. stated, “ The only-ones that seem tome bad-are the middle, ting and little 
fingers ; the little finger is the worst. The first (index) is all right.” , R 

The following observations were made on his power of comparing two 
weights by “ weighing ” them; they were placed one upon another, in irregular 
sequence, on the palmar aspect of the terminal phalanx of the little and,ring 
fingers and`'of'the middle and. index fingers. Two digits were chosen so that 
the movements should not displace the weight, as would have been the case if 
one finger only had been selected. On the normal hand, and with the left index 
and middle finger he recognized the difference between 80 and 100 grm. on 
every occasion. But with the left little and ring fingers he could not even 
appreciate a difference of 100 and 20 grm. All his answers took the form 
of “I can’t tell, I don’t know,’ or some similar expression of ignorance. 

An unusually extensive series of observations were made‘ on his power of 
recognizing form, when solid test-objects were rolled over the palmar aspect 
of each digit in turn; for on the normal hand he was particularly ‘good in 
recognizing the shape of the solid blocks cut to scale. On the left thumb 
and index he made no mistakes, on the middle he was a little uncertain, but 
on the ring and little fingers his answers were gravely defective. Thus on the 
latter he said, “ Everything feels alike; except that they scratch or hang on 
to the flesh; I cannot tell they have any shape at all.” Pyramid, ovoid and 
cube were all said to be “square,” whilst a cylinder and cone were called 
“round” and a sphere was not recognized at all. 

The power of appreciating differences in texture was gravely affected in the 
little and ring and, to a less degree, in the middle fingers of the left hand. 
The ribbed velvet, silk, cotton and flannel were named correctly over all the 
digits of the normal hand and over the left thumb and index. But on the 
middle finger velvet was called “ silk,” flannel was thought to be “ cotton,” 
whilst-silk and cotton were named correctly. , Over the little and ring fingers 
he either said the fabrico- was: “‘ rough” ‘or confessed he did not know. 
“ fiverything seems rough on these fingers and I find it difficult to tell‘on the 
middle finger. The first finger and thumb are all right.” 

But in spite of this profound disturbance, his power of appreciating 
roughness, measured with the Graham Brown apparatus, was identical on the 
digits of the two hands. f 


Case 5.—~To illustrate the introspective aspects of the sensory loss of cortical 
origin. Wounded June 6, 1916, by a rifle bullet. A radsograph showed | 
injury to the outer plate of the skull sm the left parietal region, but none to 
the inner surface. Hewas not trephined. Admitted to the Empire Hospital 

` December 4,1916. The wound was represented by a fully-healed scar, 8 cm. 
tn length, in the left parietal region, 28 cm. from the nasion and 5 cm. from 
° ° 
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the middle line. The importance of this'case lay in the patient's remarkable 
power-of describing his sensations over abnérmal parts. Individual move- 
ments of the right hand were good with the eyes open, but clumsy when they 
were closed. The right thumb and index finger were hypotonic. In the 
, right foot he had lost, to a certain extent, the extraordinary powers of moving 
hts toes, which he stall possessed on, the normal side. Otherwise rt would 
not have been posstble to discover any ‘affection of motor power in the lower 
extremity. The reflexes were normal. Sensation was most severely affécted 
in the thumb and index finger of the right hand. In the little finger many 
aspects of sensation showed tntrospective changes only. The tactile hairs, 
thermal tests and prick showed the severest and most extensive loss. Sensory 
changes, similar n quality, but somewhat less severe, were present in the 
‘right foot. 


2nd Lieutenant R. S. C., aged 28. 

In the early hours of June 6, 1916, he was hit by a sniper’ sbullet. He was 
not wearing a helmet. He spun round and felt as if someone had stuck a 
boathook into his head, pulling him backwards. Apparently he fell, but did 
not lose his senses, and after his wound was dressed he went back to his 
machine-gun. But“ everything seemed so slow; I seemed to have lost touch 
with my men. I was thinking very slowly.” He had a violent headache and 
felt sick, but did not vomit. 

He stopped one day in the Field Ambulance and on June 7 Sonaus the 
Casualty Clearing Station. Here a piece of the casing of a bullet was removed 
from the scalp. A radiograph showed injury to the outer surface of the skull, 
but none to its inner aspect. He was not trephined. 

The wound healed, and he was discharged on June 24 from the 8rd London 
General Hospital, with a scab still present on the site of the injury. He could 
not sleep and the noise of the gramophones made him feel sick. The next four 
months he spent ‘in the country, in a most unsatisfactory condition. physically. 


- 


‘He was easily fatigued and fell into violent rages ; when they came on, whether 


by day or by night, he would leave the house and walk up and down in the 
garden for hours. i 

During the first week of November, 1916, he was sent back to light duty. 
The headache returned and the attacks of “violent feelings ” became more 
pronounced ; they were followed by depression and suicidal ideas. He acted 
ag assistant adjutant, working from 9 a.m. till 7 p.m. He rapidly became 
so ill that he was sent to see me by-his senior medical officer, on November 30, 
1916, and was admitted to the Empire Hospital for Officers on December 4. 


_ Here he rapidly improved and the following account is based on observations 


made during January, 1917, seven months after the ungury. 
The wound was then represented by a fully healed scar, 3 cm. in length, 


-in the left parietal region. The anterior limit was 28 cm. from the nasion 


and 5 om. from ‘the middle line of the skull. The total nasion-inion line 
measured 35 em. A radiograph showed that the outer plate of the skull 
kad been damaged-in the region of ‘the injury, but the inner plate seemed 


+ 
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to be intact. There was no > evidence of a foteigo body or dond: bone within 
the cranial cavity: 
- He was a "highly educated man of unusual intelligence, His answers 


to measured tests. were far above the average, especially from the intro- _ o 


spective point..of view. He tended, however, to interpret his ‘sensations 
and this made him slow to reply, when an affected part was being tested. 
He gave himself over most willingly to my examination because, in spite. 
of his repeated complaints, no one had examined into the condition of his 
` right hand. The fact that he had never been examined, even superficially, from 
a neurological point of view, was-one of the most potent causes of his anger and 
misery. His power of attention was good, but he became tired easily and care 
had to bé taken to make the examination in short spells, selecting days when 
headache was absent and he had alept well. Sleep soon improved and he 
ceased to dream unpleasantly. His memory was not good on admission, but | 
became much stronger with rest and quiet. , There were no hallucinations or 
delusions at any time. At first he was irritable, but this passed away and he 
became particularly‘easy to deal with. A 

On bdmission he had a stutter which slowly disappeared; this was a purely 
psychical manifestation and speech was not otherwise affected. -He had had 
no seizures or convulsions. The headache was at times severe and was of the. 
same character throughout ; it was “like a toothache,” mainly on the left half - 
of the head. All nausea had disappeared for some months before admission. 

: The discs were unaffected. The pupils reacted normally. All movements 
of the.eyes, face, and tongue were carried out well. i 

Reflezes.— All reflexes, superficial and deep, were equal on the two sides and 
were normal in character. 

Motron._-The grasp of the right haa was certainly less powerful than that 
of the left, but there was no paralysis. Individual movements of the fingers 
could be carried out easily so long as his eyes were open, but became very 
clumsy when they were closed. He could not write so easily as before he was ; 
wounded, especially if he was tired, and his handwriting had changed somewhat 
in character. He could still play the piano, but his right hand “ was not so good 
as it might be.” 

The right thumb and index finger were definitely hypotonic ; the. sönditioń 
of the middle and ring fingers was more doubtful, but the tone of the little 
finger was certainly not diminished. There was no wasting of the- hand. 

The wrist, elbow, and shoulder were unaffected. l 

Had he been brought up under ordinary conditions, there would have been 
no evidence that the movements ‘of the right lower extremity were in any way 
affected. But as a child he ‘had lived on a sandy beach in China and his 
father had not permitted him:to wear boots. His agility with the toes of the 
normal foot was remarkable; he could cross the great toe over the second, 
could spread the toes and bring them togéther again, just as we can adduct or 
abduct our fingers. He had no difficulty. in picking up a penny from the bed 

_ with his foot. But, with the nen foot, he could no longer cross the toes, 
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though .he could abduct or adduct them, less perfectly than with the other 
foot. Individual movements of' the right great toe were still possible, but 
were slower and less accurate than those of the left. There was no gross 
hypotonia, but it seemed to me. as if the ‘right great toe could be passively 
extended to a greater degree than the left, and he said, ‘I think the great toe of 
the right foot is slack like the first finger (index) of the right hand.” 

Apart from, this loss of special aptitude in the foot, there was no want 
of power anywhere in the right lower extremity. 
` His gait was normal and he could stand well on either foot with the 
eyes open; but when they were closed he said, “I don’t trust myself so 
much on the right; I have to plant it more definitely before I begin; whereas 
I don’t mind how I put the left foot before I-close my eyes.” 

Sensation.—He complained mainly of the index finger of the right hand 


` ‘and said, “If I wanted to foel for a pin I should use the firss finger of the left 











hand, but with the right I should use the middle finger, because the first finger 
‘felt as if there was a corn on it.” 


Right (affected) hand Left hand 

















> 
_ Little finger : Ring finger .| Middle finger | Index Anger Thumb Normal digits 
Measured | . Ie 8° to 15° 10° to 15° | Gross loss | Gross logs! Perfect with 1° 
movement 
Vibration’ .. | Noshortening Affected Affected Affected | Affected — 
Compass-test | ‘ 1 em., ~ Not quite Not quite | Gross loss | Gross loss | Perfect at 0-75.om. 
introspective | perfect at 8 om | perfect at 3 em. a - 
Localization Good . Good '| One error | Gross loss | Gross loss | Perfect 
Tactile hairs | 28 .}rom..? | 28 grm./mm.? | 28 ./ram.* No No 21 grm. mm.?* 
em f i oe threshold | threshold i 
“Thermal .. | Introspective Affected Affected Gross loss | Not tested | 35° and 40°, ated 
disorimina 
z3 , Thresholds 80° 
; : and 27° 0. 
Priok 4grm, , 8 grm, 8 grm. 8 grm. | Nottested| Threshold, 4 grm. 
Weight  .. | Definite loss | Definite loss Gross loss | Gross loss | Qrassloss | Perfect series on ad- 
dition and subtrac- 
r , - tion 
Texture Introspective | Gross loss Gross loss | Gross loss | Gross loss | Perfect appreciation 
> ; of four fabrios on 
$ - | ‘ each digit 





Measured movement.—The loss of appreciation of passive movement was 80 
gross in the thumb and index finger of the right hand that 40° sometimes 
evoked no reply; He said, “ It is pure guessing; I have no idea which way it 


is moving.”‘ With the-middle and ring fingers, he not only recognized the 


movement, but also its direction at a range of between about 8° to 15°, 
whilst with the little finger he answered correctly in avery instance to a 
movement ‘of 1°: 


» 


1 
N 
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Vibration exactly bore out the results obtained with the test for passive 
movement; the little finger was entirely unaffected, whilst the other ‘four 
digits of the right hand showed: considerable shortening of _the period during - 
whioh the tuning-fork was appreciated. : ; 

Oompass-test—Over the thumb and index finger, he failed entirely to 


‘recognize the two points at a distance of 5 cm., and frequently thought 


that contact with one point. was “two.” In fact, his answers on these digits 
showed complete confusion. On the middle and ring fingers his answers at . 
2 cm. were confused, but at 8 cm. they were almost perfect. On the little 
finger he could discriminate one and two points as 1 cm., and made no mis- 
takes; the sensation was not, however, the same as on the normal little finger. 
There is no doubt that on this digit, at any rate, the one -test was disturbed 
by the changes in tactile sensibility. ~ 

Localization was profoundly disturbed on the thumb and index fingers. 
A single contact might appear to be two, or even three touches, each of which. 
was localized in a different position. He would call ont, “ Just wait a minute, 
I want to touch a dozen different places.” Then after a pause, “I think it must 
have been there,” indicating a wrong spot. He also said, “ Unless I’ answer 
at once I am‘done; I go-on wandering about.” „Now, there can be little doubt 
that this is an example of a double defect; he nad not only lost, to a great 
extent, his power of appreciating the locality of the stimulus, but the sensa- 
tion produced by the contact was in itself disturbed. On the middle finger he 
made one mistake, referring the touch to a proximal point on the ring finger. 
On the ring and little fingers he made no mistakes. 


t 


| 


The greatest disturbance in ‘this case was shown by those tests which 
demanded an accurate response to stimuli of different intensities. For this 
aspect of sensibility was certainly affected ovér all five. digits, whilst on the 
spacial side even measured movement showed no defect in the little finger. 
Moreover, his own statements with regard to his, tactile and thermal sensa- 
tions throw considerable light on the nature of the changes caused by a 
cortical lesion. 

Tactile hairs. _The fhumb and index finger were profoundly affected to 
this test. No threshold could be obtained, and on first testing with a hair of 
28 grm./mm. he gave as many correct answers as to a series of subsequent 


` contacts with one of 100 grm./mm.* (vide p. 117). The patient said: “ On the 


left (normal) side I felt as if you were putting on and taking off a fine wire 
point. On the right hand it was exactly as if a mosquito drew its leg along 
the surface. I never felt a distinct pressing on. Sometimes I felt it vaguely 
as if it was still there, and I wanted you to prese it and take it away again, 
so that I might be certain if it was there or not.” 

' On the middle and ring fingers a threshold was. obtained with a hair of 
38 grm./mm.*, but his ‘answers were slow and he said that.he had difficulty i in 
making up his mind. On the little finger the record with 21 grm./mm:’ was 
defective, but he gave perfect replies with 93’ grm.jmm.* There was, however, 


} 
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a profound introspective difference between the two little fingers; ‘‘ Sometimes 
it seems dead and sometimes it is like the brushing of a fly’s wing.” Throughout 
these tests, he complained that the serial contacts with the tactile hairs, over 
affected parts only, set him “on edge.” . “I feel that, if you went on long, I 
should become ‘like I am when I am worked up; I seem to want a relief 
somewhere.” 

Thermal tests.—The sensibility of the index finger was profoundly affected 
to all the tests for appreciation of temperature. Ho could not discriminate 
heat or cold with certainty between about'26° C. and 40° C., whereas on a bright 

„spring-like day, the temperature of the room being 18° C., the indeterminate 
zone lay between about 26° C. and 80° O., over the normal index finger. But 
an even more striking defect was shown by his inability to distinguish two | 
stimuli of the same thermal quality, but of different intensity. So gross was . 
this change that he was unable to discriminate 35°C. and 40° O., 35°C. end 
45° 0., and even 20° and 25° O. (vide p. 218). 

‘When tested with the warm and cold tubes he said: “There is a great 
difference between the two fingers; the right never changes its mind, whereas 

_ with the left (normal) the temperature seems to grow upon it; with heat I 
feel it growing hotter until it reaches a certain stage and then stops. Cold 
does the same thing. I was baffled on the right hand; I don’t know how to 
deseribe it. It sometimes seems ice-cold and sometimes nothing at all; but 
there was never any difference between the two.tubes.” The cold tubes were 
first applied to the affected hand; as soon as the change was made to the 
normal hand he burst into laughter, saying: “I could not have believed that 
` the difference could be so great. ‘Here I never have a moment's doubt; the 
first was just off tepid and the second was colder still, or vice versa, as the 
case might be.” ` 

Over the middle and ring fingers the disturbance of thermal sensibility was 
less severe. He could not discriminate 35° and 40° C. on the affected hand, 
but there was no such profound difference between the thresholds as on the 
index finger. 

Over the little finger he gave correct answers in every case, when 85° C. 
and 40° O. were compared, but said that the sensation from the affected hand 
was ‘different; on the right hand (affected) it has’ a dryər feeling, whilst on 
the normal one it is more liquid.” He added: “It does not change on the 
right as it does on the left (normal); on the left it leaves a definite feeling, 
-which I can think about, a sort of glow, which I feel going off.” 

Prick.—He complained that a prick did not seem normal on any of the 
digits of the right hand. The threshold was distinctly raised (4 grm. lett, 
8 grm. right) on the index, middle and ring fingers. On the right little finger 
it was 4 grm., the same as on the normal hand, but he said he “ felt it more on 
the left; it seemed softer on the bad hand.” 

Wetght.—Over the thumb and index finger the addition and subtraction of 
weights was not. appreciated ; he -either failed to reply or his answers were 
confused. He complained, “ Sometimes it feels as if you were rolling my 
finger round, not as if you wére putting things on and taking them off.” 

“y . + 
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` Over the middle and ring fixigers the loss of sensibility was less pronounced. 
In‘a sequence of twelve changes in weight he failed to. answer five times on 
the middle and three times on the ring finger, but there was no confusion. 
Over the little finger the sensation was also measurably affected and ‘he 
said: “I could distinguish when you. were putting on and taking off the 
heavier weights ; but there were times when I could not tell what you were 
doing, it seemed as if you were only touching me.” 
Texture.—He was unable to distinguish ribbed velvet, silk and flannel over 
the thumb, index, middle and ring fingers. Over the first three digits the loss 
was absolute and he said he had “no idea” what I was rubbing over his 
fingers. On the ring finger he could not determine which of the three fabrics’ 
_ he was feeling. but they seemed different from one another ; ati the same time 
_ they all produced a different sensation from anything he experienced on the 
normal hand. On the affected little finger all three fabrics were named 
correctly, but he said there was “ ẹ decided difference between the two hands.” 

“When you put the silk on to the left (normal) little finger it comes down 
softly and I feel it at once. On the right hand it might be anything, until I 
worked at if to get the definite silk feeling, or until you rubbed it in. With 
the ribbed velvet, I recognized at once on the right (affected) little finger, that ' 
it was a heavier, warmer material ; but I could not make out what it was until 
I thought about it.” 


Sensation was distinotly affected on the right lower extremity, though to a 
less degree than on the hand. 
Measured movement.—At the normal great toe, ankle and knee, he re- 
_ sponded perfectly with passive movements of 1°. But, on the affected side, he 
- required a range of from 3° to 6°, and from 3° tc 5° at the great toe and ankle 
respectively before an answer was evoked. At the knee he appreciated a 
movement of from 1° to 2°, but he was somewhat slower than.on the normal 
side. 
Compass-test.—On the normal sole he gave a perfect set of readings at 
3 cm., whilst on the right foot he was equally confused at 3, 4, 6 and 10 em. 
This confusion was evidently in part due to irregular tactile responses, for he 
complained: ‘On the right foot some touches are much duller, some much 
more lively. Even when they seem two, the two points are quite different in, 
feeling.” 
Tactile hasrs.—On the normal eis he reacted perfectly to a hair of 
28 grm./mm.’, and to 18.out of 16 consecutive contacts with one of 21 
` grm./mm.? But on the ‘right sole no threshold could be obtained, even with 
‘100 grm./mm.” During the testing on the affected foot he said: “ It seems as 
if it was on all the time. It’s just the difference between a point and a 
straight line; on the good foot, it has position but no magnitude, on the other 
one (right) it has magnitude without position. I feel you must press on the 
part or I could not bear it. It sets-me on edge, just as your teeth feel when 
a knife is soraped on a plate.” à : 


+ 
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Thermal.—The feet are not usually a favourable'field for observations on 
thermal sensibility, especially in the winter, and this case was no exception to 
the rule. However, ‘he was certain that the sensation he obtained from the 
two feet was, not identical with the same hot or cold stimulus, and he was 
unable to distinguish 35° and 45° O. on the right sole: they seemed to him the 
same throughout a series of observations, although they were easily recog- 
nized and named correctly when applied to the left sole. 


A further set of observations were made in June, 1917, exactly twelve 
months after the injury, and yielded ronis which did not differ materially 
from those detailed above. 


Case 6.—An example of the effects of a subcortical injury. Wounded July 8, 
1916, by a shell fragment ım the left frontal region. Trephined July 4. > 
Came under my care July 17. The observations recorded below were 
made during March, 1918, twenty months after he was injured. The 
wound lay in front of the Rolandtc area, but had produced subcortical 
changes tn motion and sensatton. These affected the right hand and foot. 
Isolated movements of the fingers good with eyes open. No hypotonia. 
Movements, of the toes and dorstflexton at the ankle were less perfectly 

performed right than left. Right abdominal reflex diminsshed ;. other 
reflexes normal. Sensatron was affected in the right hand, and the loss lay 
manly over the post-azıal parts. - The records showed the raised threshold 
and the absence of irregular answers and hallucinations, characteristic 
of a subcortical lesion 


Captain R. D. D. C., aged 41. 

On July 3, 1916, he was hit in the frontal region by a fragment of a high- 
explosive shell, which penetrated his helmet. He became unconscious for a 
few minutes, and then went on with his work. Shortly afterwards he 
“ fainted,” but crawled back to the dressing station. The wound was thought 
to have injured the scalp only, and he was passed on rapidly to Boulogne. 
Here he was operated on at 7 a.m. on July 4. On July 17 he was evacuated 
to England, and was for a short time in the Empire Hospital for Officers. 

The wound healed before the end of July. It consisted of a surgical flap 
in the frontal region, bounded by a semi-lunar incision posteriorly, which 
extended further to the left than to the right of the middle line. This 
covered an irregular trephine opening in the skull, which began 6°5 cm. from 
the nasion and extended backwards for 55 cm. This opening, which was 
roughly triangular with the apex posteriorly, extended 2°5 cm. to the left 
and 1'25 cm. to the right of the middle line. It pulsated heavily, especially 
when he put his head down. The total distance along the nasion-inion line 
was 34 cm. 

He returned to work in March, 1917, but happened to come ader my care 
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again in March, 1918, twenty months after the date of the wound. He was 
then in an excellent condition for detailed examination, and the following 
observations were made between March 6 and April 3, 1918. 

, The site of the wound now consisted of a deeply depressed area over the 
opening in the skull, which bulged when he coughed, or when he put his head 
down towards the ground. 

~ His mental state was extremely good; he was a highly intelligent soldier, 


' who had become tired in consequence of too much irritating routine under 


an unsympathetic commanding officer. Headaches were at first troublesome, 
but rapidly improved under quiet and rest. He had not suffered from convulsions 
or seizures of any kind. 

Vision was good, and the discs showed no signs of TE been affected at | 
any time. The pupils reacted well, ocular movements were normal, and there 
“was no nystagmus. 

The movements of the face, tongue and palate were carried out perfectly. 

Reflexes.—All the deep reflexes, both of the upper and: lower extremity, 


‘were equal on the two halves of the body. The plantar reflexes were brisk 


and the great.toes gave a downward response. The only reflex abnormality 
was distinct ‘diminution of the response from the right half of the abdomen ; = 
in-both the upper and lower segments the movement was slow, of small extent, 
and confined to the neighbourhood of the stimulated spot, whereas on the left. 
side a scratch either above’ or below the umbilieus tended to produce a brisk 
movement of the whole abdomen. 

Motton.—Isolated movements of the fingers and thumb of the affected 
hand were well performed so long as his eyes were Open, but when they were 
closed the right little, ring and middle fingers moved clumsily and even the 
index did not move as accurately as the left. He complained that the “little 
and ring fingers are the worst, the middle finger is somewhat better, but even ` 


the first finger is a little difficult.” The grasp of the right hand was obviously 


less than that of the left; and movements of the right wrist were also slightly 
weaker, but those of the elbows and shoulders were equally strong on the two 
sides. He used to be a strongly right-handed man, but was now using the 
left hand for picking up small objects or for turning the handle of a door. 
There was no wasting and no hypotonia. ae 

Under normal conditions he walked well; but the right foot easily became 


- tired, and, when this happened, he noticed that he did not “ clear things” on 


the ground so easily as with the normal foot. When he got out of bed at 
night, or was walking in the dark, he ae used his left foot to “feel the 
ground,” 

He could make all movements with the right lower extremity; but flexion 
and extension of the toes, were somewhat slower, and dorsiflexion and 
plantar extension of the foot less strongly performed on the right than on 
the left side. 

With the eyes open he could stand on either foot, ‘but staggered when he 


` attempted to balance himself on the right with his eyes closed. In testing his 
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co-ordination, the right foot was certainly clumsier than the left; when his 

eyes were closed, he had distinctly more difficulty in finding the righi great toe 
with the left héel than vice versa. 

' There was no spasticity and no hypotonia. 

Sensation (between March 9 and March 80, 1918, twenty months after the 


wound). 


He complained that 


“the three fingers (little, ring. middle) of the right 


hand seem as if they were always going to sleep. I have to move them about 
to make them come to again. When I wake at night I sometimes feel as if I 
hadn’t got these three fingers, and the whole of that part of' the hand seems to 


disappear, too.” 


G 


I have placed on the following table the results obtained with the ten tesis, 
They are so clear and definite that I ae only comment shortly on each seti 





























in turn. 
Right affected hand Left hand 
Little finger Ring finger .. Middle finger Index fingsr Thumb Normal digits 
feasured Average 19° | Average 14°6°| Average 9° | Average 8° | Average 2:5°| Perfect at 1° to, 2° 
movement š : 
“ibration .. 29 sec. 27 seo. 23 seo. 28 seo. 18 sec. — 
“ompass-tast lom. Iom. Lom. O'5om. Slower! 05. Intro- | Perfeot at 05 om. 
r - spective , 
«ocalization | Not affected | Notaffected | Not affected | Not affected | Not affected | No mistakes 
actile hairs "| Not perfectat | Threshold Threshold Threshold Threshold | Perfect reading 
110grm./mm.3) 110 grm. /mm.?/ 70 grm./mm.? | 85 grm.jmm.?/ 85 grm.jmm.3| with 14 grm./mm * 
hermal No differan- 8 errors Qerrors | Introspective Perfect | 85° to 49° perfectly 
tiation recognized 
‘rick ~ 9 grm. 7 grm. 7 grm. 6 grm. 8 grm. 8 grm thumb, 6 
grm. index, 4 grem. 
other digits 
eight 8 errors 5 errors “Much more| 2 errors Perfeot Parfect series of 12 
, ' difficult ” tests on each digit 
orm Defective .| Defective Introspective Good Good Perfect recognition 
«exture 8 errors, much 8 errors Introspective | Introspective | Introspective | Named all 4 tests 
` doubt ’ correctly on all 
digits 











Measured Movement-—On each finger I have given the average of ten 


movements.” In many cases, with a purely cortical or combined cortical and 
subcortical lesion, this ig not possible, because of the uncertainty of the 
answers and of hallucinations of movement. In this case, however, among 
the fifty answers from the affected fingers, the direction was wrongly given in 
two instances only, and-the figures fell within remarkably close limits on any 
one finger, ` 

Vibratton.—The difference between any two digits was considerable, even 
on the two thumbs. This test did not reveal the same fine differences of 
appreciation as measured movement, although the same number of fingers 
were affected. 
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Simultaneous compass-test.—He gave perfect records, on the normal digits, 
when the points were separated by 0°5 cm. only. He: was. conscious. of a 
difference between all the digits of the right hand and those of the left. But 
the first obvious change appeared in the index finger, where the answers weré 
slow, although the record was perfect as 0'5 em. Over the middle, ring and 
little fingers it was necessary to separate the points to 1 cm. before he could 
give a perfect series of replies, and the little finger was evidently most severely 
affected. 

Localization was not obviously disturbed. 

Tactile hatrs.—This test revealed a condition different from that usually 
found with a lesion of the sensory cortex. Tke lighter hairs were-not appre- 
ciated at all, and each succeeding increase in the strength of the stimulus gave 
a corresponding increase in the number of replies. The little finger was the 
only digit where a threshold was not ultimately obtained. There were no 
hallucinations or gross irregularities of response [p. 138]. 

Thermal tests.—When two silver test-tubes, containing water at 35° C. and 
at 43° O., were applied in irregular sequencs to the palmar aspect of the 
terminal phalanges of the normal hand, he answered quickly and correctly in 
every case. On the right thumb and index finger he made no‘mistakes; he 
said that it was less easy over the right index than over the left. “Over the 
middle finger he twice thought that the tubes were of the same temperature, 
-whilst on the ring finger three out of four applications were thought to be the 

_same. - On the right little finger he failed altogether to recognize that the tubes 
were of a different temperature. 
. When 40° O. was applied to each digit of the two hands in turn, he 


. noticed no difference between the sensation in the two thumbs; but it seemed 


“easier” on the normal index, and over the left middle, ring and little fingers 
the same tube seemed “ hotter” than on the affected hand. 

Prick.—To this last there was a distinct raising of. the threshold over the 
middle, ring and little fingers of the right hand. 

Weight. —This test was carried out by adding: and subtracting weight on 
each digit in turn. From the thumbs he gave perfect answers, but on the right 
index he twice failed to reply, when a weight was removed. This is one of the 
earliest signs by which a disturbance of this aspect of sensibility is revealed in 
cases of cerebral lesion. Over the right middle finger he made no actual 
mistake, but: was much slower even than over the index, and complained that 
he found the, test “much more difficult” on the right “hand than on the left. 
The ring and little fingers were more obviously affected, and here he failed five 
„and eight times respectively out of twelve tests on each digit. 

Form.—lt was very difficult to be certain of the results of this test, when 
the sphere, cylinder, pyramid, cube, cone, and ovoid were rolled over each finger 

in turn; but he was obviously much slower in his answers from the little and 


ring finger of the Tight hand. With the middle finger. he made no mistakes, ' 


but found it easier to be certain on the left than on the right hand. . There was 
no definite difference between the thumb and index fingers on the twa sides. 
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Texture.—Velvet, silk, cotton, and flannel were named in every case 
correctly, when rubbed over the:normal digits. On the right hand, however, 
even the thumb seemed to him to be affected, although the only mistakes were 
found when the tests were applied to the ring and little fingers. Here he either. 
said he “did not know” or spoke of the roughness or smoothness only of 
each textile fabric. 


1 


Case 8.—This case is cited as an example of disturbed sensibility at the elbow, 
and to a less degree at the wrist, without obvious affection of the hand or 
shoulder, Wounded n the left side of the head on December 21, 1916, 
by shrapnel. He was trephined within a few hours of the injury over 

. the middle, pre- and post-central convolutions. From the first the changes 

ın motion and sensation lay in the netyhbourhood of ‘the elbow and wrist. 
The hand was slighily affected at first, but had recovered entirely six weeks 
` after the injury. ; 

Lieutenant L. A. D., aged 20. 

He was wounded on December 21, 1915, by shrapnel, at Cape Helles. He 
dropped, and was unconscious for a few seconds only. 

On January 5, 1916, he was seen by Sir James Purves-Stewart, who kindly 
sent me the following account: “The patient immediately lost power in the 
right upper limb., Within an hour or two he was operated upon at the 
17th Stationary Hospital, where a trephine opening was made; the anterior 
edge was ł in. behind the Rolandic fissure at a point 24 in. from the middle . 
line, measured along the fissure. The scalp wound has completely healed. 
, Within a couple of days the right upper limb began to recover and has since 
improved steadily. There has been occasional left-sided headache. No 
vomiting. 

“ His condition on January 5, 1916, was as follows: Speech and articula- 
tion were normal. ‘Visual fields were normal and there was no hemianopsia. 
Pupils and cranial nerves normal. Optic discs not affected. To the lightest 
“cotton-wool touches and to pin-pricks there was no loss of sensation in the 
face, trunk, or limbs; but light touches and pricks on the right forearm and 
hand produce a mild sensation of superadded tickling. Similarly with a 
vibrating tuning-fork. The joint-sense was normal at all joints. Compass- 
test normal on both hands (right 2 cm., left 14cm.) Stereognosis perfect with 
both hands and feet. 

“ Right upper limb slightly feebler than the left, especially the hand and 
` fingers. Slight unsteadiness of right upper limb with finger nose test. Some 
clumsiness in buttoning his clothes with his right hand and in using a knife 
at meals. , 

“Right wrist-jerk and right knee-jerk brisker than left. Ankle-jerks equal, 
Plantar- reflexes, flexor; abdominals brisk and equal. a 

He first came under my care on February 1, 1916)‘s:z weeks after the 
injury. The wound was firmly heéled and consisted of a round opening in the 
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skull, which pulsated strongly. It extended from 14°65 to 18 om. behind the 
nasion. The upper border was 4 cm. and the lower border 7 cm. to the left 
of the middle line. The opening was 8°5 cm. in length and 8 cm. in breadth 
vertically. The total distance between the nasion and inion was 34 cm. 

. He was highly intelligent and an excellent subject for examination. He 
did not -suffer from headaches; npea was normal and he had had no 
convulsions or seizures. 

Vision was perfect and the aisos showed no signs of past or present 
changes. The pupils reacted normally, ocular movements were well performed 
and face and tongue were unaffected. 

Refleres.—The right wrist-jerk was brisker than the left, but otherwise the 
reflexes were normal and equal. The abdominals were active in all’ four 
segments and the toes went downwards, when the soles were scratched. 

Motion.—There was no paralysis of any part of the hand and both grasps 
were strong; but his writing had changed. He used to write quickly a some- 
what rounded hand; now the letters had become pointed and jerky, like those 
ofan old man. This he thought was due to the condition of the wrist and not 
to any fault in the fingers. When he held out his hands in front of him, the 
fingers were in alignment and individual movements were perfect. ı There was 

* no inco-ordination with the eyes open, but when they were closed the move- 
ments of the limb as a whole were slightly atexic. The fingers were neither 
hypotonic nor spastic, and the tone of the erm was not obviously increased 
apart from the exaggeration of the right wrist-jerk.- 

His gait was normal and the lower extremity was not in any way affected. 

Sensation.—He complained that the right elbow “felt odd and heavy ” 
compared with the left. The hand seemed to him perfectly normal. 

Measured movement.—I could find no loss of appreciation of passive move" 
ment anywhere except in the right elbow and wrist-joint. In all the digits 
and at the shoulder-joint, he responded perfectly to. an excursion of 1°. 
But, at the right wrist-joint, it was necessary for a movement to reach 3° to 4° 
before it was appreciated. At the right elbaw-joint he showed all those 
deviations from normal so characteristic of a cortical lesion; not only was 
the threshold raised to between 7° to 10°, but hallucinations of movement 
frequently disturbed the records, This never occurred on the' normal side, 
where he'appreciated a movement of 1° or less with extreme accuracy. 

(Vsbratton.—The tuning-fork showed no abnormality over the digits on the 
radial aspect of the wrist. But there was profound shortening of from ten to 

twelve seconds over the right elbow-joint. This was appreciable to me; for - 
he called out that the fork had stopped beating on the right elbow long before 
it ceased to be perceptible to my fingers. This was not the case when it was 

_ placed on the left elbow. ‘The shonlder-joint gave equal readings on the two 
sides. 

Compass-test.—The fingers and palm yielded equally good records on the 

‘two sides, when the points were separated tol em. Over the normal (left) fore- 

arm he did not give a-perfect series.of answers until they were 4 cm..apart; 
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3 cm. was distinctly below the maximum threshold. But on the right forearm 
he showed complete want of discrimination and confusion between one and 
two pointe even at 10 em. The two soles gave a perfect series of answers 
at 3 om. 

Localization was not affected on the hands; but he seemed to be more 


“uncertain in the neighbourhood of the right than of the left elbow., This 


proved to be the case at a subsequent more detailed examination. 

Tactile hairs.—Over the fingers and the palm of the hand he reacted 
perfectly to a hair of 21 grm./mm.’, but tactile sensibility was obviously 
affected over the flexor aspect of the forearm. On the normal side the 
response to 21 grm./mm.” was not quite certain and it required a hair of 
23 grm./mm.* before he gave a perfect series of answers. But, over a similar 
part of the right forearm, even 35 grm./mm." failed to evoke a sensation with 
every contact. He said “the left is easier and I can be more certain on the 
left arm.” i i 

The soles gave perfect records with 21 grm./mm.* 

Thermaltests—The hand was unaffected, and I could find no certain 
change of sensibility over the forearm in the neighbourhood of the flexure of 


‘the elbow. But.he said, “Tt takes some time over the right elbow before I 


recognize that there is anything there at all. When I have recognized it, I 
begin to feel the temperature.” ' 

Prick.—I could find no difference in sensibility to prick between the two 
upper extremities. 

Wetght.—There was no difference between the two hands i in the power of 
discriminating weights. 

This patient was examined on several subsequent occasions and all the 
observations pointed to affection at the right elbow without disturbance of 
the hand or shoulders. I shall pass on, however, to his condition in June, 1918, 
iwo years and siz months after the injury. 

He was in excellent physical condition and had had no convulsions or 
seizure. From time to time, about once .a month, he suffered from headache, 
always connected with some increase of pulsation in the scar. Running up- 
stairs or excessive heat would bring on the headache, which passed.off when 
he lay down. 

The scar was firm, tough and somewhat depressed ; it did not pulsate as he 
sat upright in a chair. 

Reflexes.—All the reflexes were normal and equal except the elbow- and 


, wrist-jerk, which were distinctly greater on the right than on the left side. 


Motion.—The grasps were equal, but his handwriting still showed the same 
changes, though to a less degree than before. He used to be a good lawn 
tennis player, but was now “terribly bad”; “I hit the ball on the wood 
and sometimes miss it altogether.” Golf has not suffered nearly so much. 

He is a strongly right-handed man and, although there is no obvious 
paresis of the right arm against resistance, the force exerted is not greater than 
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that of the left, when bending or straightening the elbow. Hè is ‘using his 
left arm more and more because he finds the right arm clumsy. -When he held 
his arms out in front of bim, the fingers ware in perfect alignment and did not 
fall away on closing his eyes; but the arm swayed somewhat and was less 
steady than the left. He could ‘touch his nose perfectly with the right fore- 
finger when his ‘eyes were open; as soon, however, as they were closed, he ` 
became uncertain in aim and struck some part of his cheek or hit his nose too 
hard. There was no obvious change in tone. 

Sensation -He complained that “the feeling in the right elbow is very 
peculiar; I do not feel when people knock up against me in a crowd as I do 
with the left arm. I get a sensation of some sort, but it is not a normal 
sensation. It would be more accurate to say that someone could bump up 
against me, and I could not tell what it was that touched me.” 

Measured movement. — The index and little fingers, wrist and shoulder 
responded perfectly to 1° of passive movement.. The right elbow required from 
15° to 3°, and he said, “ It feels quite different in this elbow,” 

Compass-test.—Perfect readings were obtained with a distance of 1 em. 
over the index and little fingers and palm of the right hand. Over the right 
forearm the threshold was 6 om., whilst over a similar part on the, left, side he 
gave a perfect series of answers at 4 om. 

Localization was equally good over the two hands, but was affected on the 
flexor surface of the right forearm in the neighbourhood of the elbow-joint, 
A series of observations were made in which he indicated the spot touched on 
the arm of an assistant. Out of ten confacts he made two distinct errors on 
the normal (left) forearm, whilst on the affected limb one only of the stimuli. 
. over approximately similar spots, was accurately localized. Three contacts in 
the neighbourhood of the right wrist were indicated correctly. 

Tactile hatrs.— The fingers and palm of the right, hand gave perfect 
‘readings with 21 grm./mm.?; this hair was also appreciated over the flexor 
aspect of the normal-elbow. But over a similar part of the right arm 
35 grm./mm.” was necessary before.he responded to every contact. 

The difference between the two- limbs was evident, when a record was 
taken with a hair of 21 grm./mm.” in the following manner: First a few 
contacts were made on the normal, and then a similar number on the affected 
arm, changing from side to side until sixteen stimuli had been applied to each 
in turn. The following results were obtained :— 


Left elbow .. L111. LLLLLL LLL. 
Right elbow ..: 0.1.1.1. ` olocll. 1.1.0.0.1.0. 


At the end of these observations he said: “ Here again the: principal 
difference is that I am not so certain on the right arm.’ 
+ Weight, form and tecture were all perteatly appreciated on the right hand. 
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Case 15.—Wounded August 20, 1916, over the vertex in the parietal region. 
` The wound extended slightly more to the right than to the left of the middle 
line. This case is remarkable because the three aspects of cortical sensi- 
bility were dissociated ; spacial recognition was disturbed in the left foot 
and ankle, tactile and thermal discrimination were defective m the right 
foot, whilst the power of apprectatsng similarity and difference was not 
affected on either side. The reflexes were normal and individual movements 
were carried out equally well im both feet. The left great toe was definitely 
hypotonic. ~ 


Lieutenant B. D. A aged 22. , 

He was wounded on August 20, 1916, with a piece of shell-casing which 
perforated his helmet. He fell and became unconscious for a few seconds. 
Two hours later he vomited. He had very little headache at the time. From 
the first the left leg “ felt odd” ; he wanted to step over a man in the trench 
and stepped on to him. No operation was performed at any of the hospitals 
through which he passed before he came under my care. 

He was admitted to the London Hospital on September 2, 1916, without 
a note of any kind. 

The wound consisted of a linear cut across the middle line of the scalp, 
with a suppurating sinus leading down to an extensive area of bare bone. The 
anterior border of this opening lay 21 em., and the posterior border 22 em., 
from the root of the nose. It extended 1 em. to the right and 2 em. to the 
left of the middle line. The total nasion-inion measurement was 34 cm. A 
radiograph showed flaking of the inner table of the skull and a small fragment 
of metal superficial to the bone. 

The following observations ‘were made between September 2 and 20, 1916. 

He was an intelligent man, who had been an accountant in civil lifo He 
suffered from little or no headache, and had had no convulsions or seizures of 
any kind. Speech was normal. 

He was slightly myopic, but on correction his vision was $. The visual 
fields were normal. 

Pupils, movements of the eyes and those of the face and tongue were 
unaffected. i 

All the reflexes were normal, both superficial and deep. 

Motron.—The upper extremities were entirely unaffected. 

He could walk well and his gait was not obviously changed, though he 
complained that the left foot was still clumsy; for instance, he found it 
impossible to put on his slippers if‘he was standing up. 

There was no paralysis, and all movements of the toes could be carried 
out as well on the one foot as on the other. 

So long as his eyes were open, he could stand well on either foot and there 
was no obvious inco-ordination. But on closing his eyes he was distinctly 
more unsteady on the left than on the right foot and movements of this leg 
were somewhat ataxic. 

The most striking difference between the two feet was the hypotonic 
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condition of the left great toe. Thus, when pushed up, it could be extended 
passively so as to subtend less than a right angle with the line of the dorsum 
of the foot. The mobility of the right great toe was noticeably less ; it could 
be pushed up to form an angle of about 120° only: 

There was no obvious wasting in either lower extremity. 

Sensation._The two feet seemed to him quite different. The left was 
“clumsy ” and there was a “fat feeling under the toes.” But this foot was’ 
“ quicker in picking up a cold feeling ” than the right. 

The two hands were normal to all the tests for sensation. 

Measured movement gave the following results : — 


Right Let 
Great toe .. ae 1° to@ .. y 8e to 5e ` 
Ankle os . lo ` ae .. to 8° 
Knee as ot Jo AA at jo 


Vibration. —When the tuning-fork was placed over the ball of the great toe, 
ther was a shortening of from 7 to 10 seconds against the left foot; but over 
the inner malleolus there was no definite difference. This supports the results 
of examination by means of passive movement. 

Compass-test.—The records obtained with this test were of great interest ; 
for they showed the difference in the records due to want’ of two-dimensional 
discrimination and`to unequal tactile appreciation. I give here the actual 
readings, where a stroke represents & correct and ® cross a wrong answer. 
These have been translated into numbers on p. 128. 

Right sole (tactile lors) Left sple (spacial loss) 

















ee | Il, dale en E mom 1 
a T aS ae ae | ta I 
han E xxl N N gem, [ma 
2 [tex bd id oe [i i i A 
esos | lex] ix 
Q | xixx ixxxl 
1 umi n n 
PONS Ln iom i 


Localization was unusually good on both fees and I could discover no 
difference between ‘them; but it must be remembered that our method of 
testing localization, applied to the feet, can reveal coarse changes only. 

Tactile hairs. —The contrast between the condition of the two soles to this 
test was parking: ; 

f Right sole (aflectad) Left sole (unaffected) 
g 21 grm./mm.? loolococollocodo 
‘ 28 grm./mm,* olololllllodoo er ea 
‘85 grm. /mm.? llolloloooololll 
70 grm./mm.? lololloloolocolo 
100 grm./mm.3  olooocollolololll 
21 grm./mm.? loooolooloololol 
21 grm./mm.* - NololMololll 
28 grm./mm.? '— WWW 
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He complained that on the right sole he had great difficulty in knowing 
when the hair was put on or taken off ; “ It seemed like a feather rubbed over 
the foot.” On the left sole the sensation was normal. 

Thermal test.—I could not find any definite difference ‘between the eede 
holds for heat and cold, but at this time I carried out no comparative observa- 
tions on the sole [vide infra p. 228]. The determination of thermal thresholds 
on the foot is extremely difficult, and often yields unsatisfactory results unless 
the ‘greatest precautions are taken to prevent exposure. In some patients 
the feet are naturally cold, even in bed. 

Prick.—The threshold for prick was the same on two solee (3 grm.). 

Lorm.—He could recognize ll these tests when he was allowed to roll 
them under his feet against the ground. 


On September 27, 1916, Mr. Walton trephined over the area of the wound 
and removed an irregular piece of the inner table of the skull; it lay loose on 
the dura, which was not perforated. The longitudinal sinus was directly to the 
right of the situatioh in which lay the loose fragment. Some pieces of metal 
were removed from the neighbourhood of the outer table. The wound finally 
healed on November 18, 1916. ‘ ‘ 

I was able on several occasions to confirm the existence of the remarkable ` 
dissociation of sensibility given in detail above; but it will be sufficient to add 
a short account of observations made diging the last week of February, 1917, 
sı% months after the injury. 

His general condition was excellent. His memory and attention were 
good, and he was able to read with interest, and remember what he had read. 
He was entirely free from headache, and had had no convulsions or seizures 
of any kind. 

The refleres were in every way normal and equal. 

Motrton—Movements of the toes were as well executed on the one side as 
on the other, and the only abnormal condition was some hypotonia of the left 
great toe. This was, however, considerably less than at the first examination. 
He could walk seven miles, but after about five miles noticed that his left foot 
became tired and dragged. 

Sensatton.—He still had “a curious abnormal feeling” in the left foot, 
especially “over the toes and pads, where the front of the fcot touches the 
' ground.” f . 

Measured movement.—He answered quickly and accurately to passive 
movement of 1° in the right great toe; on the left side he required a range 
of 2°, and was slow in his replies. The left ankle was now normal, and he 
responded to movements of 1°. 

Compass-test.—On the right sole he still complained that “a touch seemed 
to linger, and it is difficult to find out if it is the one you put on' last or the 
two points together.” He gave an almost accurate reading, however, ab 6 om. 

On the left sole he responded with a perfect series at 3 cm., the smallest 
distance that can safely be applied in clinical examination. 
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Localization was equally good on bhe two feet; he made no mistakes on 
_ either side. ' 

~The tactile hairs revealed exactly the same changes as before. He com- 
plained: “I seem to be longer in feeling it on the right foot. My difficulty 
was the uncertainty of contact.” ; 

On the right sole a good reading was obtained with 70 grm./mm.’*, marred, 
however, by a tendency to hallucinations; all hairs of lower, bending strain 
showed obvious defects of sensibility. On the left sole the. condition ‘was 
exactly as before; 23 grm/mm.* was perfectly appreciated, whilst with 
21 grm./mm.? he did not recognize all the sixteen stimuli. He was certain 
that, as far as this test was concerned, the left foot was normal. 

Thermal tests.—I devoted one sitting to a series of observations on thermal 
sensibility. I could find no definite change in the thresholds for heat and cold, 
but the foot is so unsatisfactory a situation for tests of this kind, and his 
answers were so much slower from the right than from the left sole, that I 
carried out a series of comparative observations. He had no difficulty in 
recognizing the relative warmth of two silver tubes at 35° and 44° C. on the 
left sole; but on‘the right, out of seven observations, he was wrong four times, 
once doubtful and twice correct in his answers. Not only was he slower, 
but said, “ I feel uncertain in the right foot; it takes me longer to grip it.” 

Prick.—TI could find no difference in the threshold on the two soles. 

Wetght.— On a previous occasion a careful series of observations had been 
made by adding and subtracting weights, placed on the dorsal aspect of the 
basal phalanx of the great toe; the soles rested flat on the bed and were fully 
supported. He was remarkably acourate in his replies, when the test was 
carried out in this manner, and I could find no difference between the aptitude 
‘of the two feet. 

Form.—He had no difficulty in recognizing the various test-objects ore 
he was allowed to roll them under either foot. He could discover no difference 
in the sensations from the two soles. 


, 


Case 18.—This case is a remarkable egample of dissociated sensibility due to a 
lesion of the cortex. The tactile hairs showed distinct sensory loss over the 
. thumb, index and . middle fingers, although the power of appreciating 
passive movement and vrbratton was perfectly preserved. The compass- 
test was defective in consequence of the loss of tactile sensibility. Individual 
“movements of the thres pre-anial digits were clumsy. There was no 
hypotonia, 
-Colonel M., aged 46. ` 
~ On October 4, 1914, he was hit in the right parietal region by æ rifle bullet. 
It’ must have been a glancing blow, for the bullet was found beside him. 
He was admitted to the Allied Forces’ Base Hospital, and Mr. Whitehall 
Cole kindly furnished the following report :— 
“ The patient was fully conscious on admission, but showed definite signs of 
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Fone irritability. He was Kemiplegi, chiefly in the left arm ene face; the 
leg was slightly affected only. 

“At the operation on Ootober 28, definite cerebral substance could be seen 
to protrude through the scalp. Several small fragments of bone lay loose in 
the wound. The dura showed a small lacerated wound from which there was 
slight exudation of cerebral substance. All loose fragments of bone were 
removed and the osseous opening was slightly enlarged sufficiently to ascertain 
that no depressed bone remained. The wound was closed except for a gauze 
drain passed down to the: dura. - 

“ Recovery was steady and uneventful. The leg cleared up rapidly. -The 
face began to improve after the operation and progressed steadily. The arm 
made very little progress until the last week or ten days of his stay, when his 
grip became stronger. There was no return of movement at the elbow and 
wrist.” 

The leg recovered completely and his general condition became normal ; 
but the thumb and index finger of the left hand showed no improvement. 

On June 98,,1915, he had an epileptiform attack associated with an 
abnormal “ feeling” in the left arm, followed by i short period of 
unconsciousness. 

On June 28, 1915, he was admitted to the Palace Green Hospital for Officers 
under my care. 

The following observations were made between July 14 and July 20, 1915, 
288 to 289 days after the injury. 

The wound was perfectly healed; it was represented by a small opening 
in the skull 2 em. horizontally and 1'5 cm. vertically in the right temporal , 
region. The anterior border of this trephined area corresponded with a point 
15 om. back from the nasion and 10 om. to the right of the middle line. The 
total nasion-inion line was 35°5 em. in length. The opening was depressed 
and did not pulsate. A tadiograph showed no abnormality beyond the opening 
in the bone. i 

Ho was an unusually intelligent man of intellectual tastes and an salat 7 
subject for examination. 

Speech was normal. He suffered from no attacks or seizures beyond the 
one already described. ' He was free from headache, nausea or vomiting. 

Pupils and ocular movements were normal. 

There was slight weakness of the lower portion of the left half of the face 
and the tongue tended to turn to the left on protrusion. 

Reflexes.—The left arm-jerks were brisker than those from the right upper 
extremity. The left knee-jerk was slightly more active than the right. The 
plantar reflexes were normal, but the response from the left lower segment of 
the abdomen was undoubtedly sluggish compared with that from the right. 

Motion.—When he held both arms in front of him, the digits of the left 
hand were not in alignment. On attempting to abduct them they fell into 
great disorder. Isolated and individual ‘movements of the fingers and thumb 
were badly executed ; they were slow, clumsy, and ineffective. 
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All movements of the wrist and elbow were strongly performed against 
resistance. 
When the hands were held out and the eyes were closed, the left wrist 


became slowly flexed- and the fingers fell out of place. 


There was 


ataxy, when he attempted to bring his léft forefinger to his nose 
No hypotonia and no tonic rigidity could be discovered in any part pf the 
left upper extremity. ` 
There was no ‘wasting of the hand or arm. 
The left lower extremity was in every way normal. g 





Weight .. 

















over these two flogers together |. 





definite ` 















these two fingers together 


The left lower-extremity was in every way normal. 





“Sensation.— : 
Left (affected) hand Bight hand 
Thumb Index finger Middle finger Ring finger Little Singer — 
Measured Perfect at 1°.) Perfect at 1° | Perfect at 1° | Perfect at 1° | Perfect af 1° | Perfect at 1° 
movement | ` í 
Vibration Perfect Perfect Perfect Perfect “Perfect ~ 
Compass Affected at Affected at Affected at Perfeot at Perfeot at Perfect at 
. “test 8 om. | 8 cm, Som. | 1 om. lem. 1 om. 
Localiza- Perfect Perfect Perfect Pertect Perfect Perfect 
~ tion 
Tactile {Threshold with’ Gross loss with | Threshold with| Perfect with | Perfeot with | Perfect with 
hairs 85 grm./mm.* | 100 grm./mm.?| 28 grm. /mm.? |21 grm.jmm.?/| 21 grm./mm.?) 21 grm./mm.? 
Thermal..| Not tested : Defeotive Not tested Not tested Not tested | Perfect appre- 
: ciation of 
‘ 85° and 40°C. 
Prick Not affected | Not affected | Not measured Not measured Not measured — 
Not tested Gross want of appreciation Perfect appreciation over -~ 





These observations are remarkable for the perfect readings given by the 
test for passive movement and vibration in spite of the obvious affection of 


tactile. sensibility. 
(p. 128). 


The compass-test was disturbed from the latter cause 


r 
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I had the opportunity of examining him carefully on several subsequent 
occasions, but shall only append a short summary of observations made on 
September 26 to 28, 1915, 857 days after the injury. ; l 

He had had no further attacks, and had suffered from no headaches. 

There was still slight weakness of the left angle of the mouth, and the 
tongue tended to deviate to the left on protrusion. 

Refleses—The left wrist-jerk was’ distinctly brisker than the right, but the 
kmee-jerks and ankle-jerks were normal. The plantar response was normal, 
and the left lower segment of the abdomen responded briskly to stimulation. 

Motion.—He complained that he could not use his fork properly, and 
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could not use his left hand to do up his boot-laces. ‘“ I‘have no grip between 
the thumb and first finger, and have to hold my fork between the middle and: 
ring fingers.” ; A 

He could abduct, extend and flex the thumb, but the movements were 
clumsy and were nearly always associated with motion in some other digit. 
The same want of co-ordinate sequence was seen in movements of the index 
and middle, but not in those of the ring and little fingers. 

There is no increase or decrease of tone and no wasting. 



































Sensation.— : 
i : 
Left (affected) hand 
Thumb Index finger Middle finger Ring finger Little inger 
Measured Perfect at 1° | Perfect at 1° | Perfect at 1° | Perfect at 1° | Perfect at 1° | Perfect at 1” 
movement 
Vibration Perfect Perfect Perfect Perfect Perfect fas 
Compass-| Affected at Affected at | Not quite per-| Perfeot at Perfect at’ | Perfect at 
test 8 om. 8 om. fect at 8 om. 1om. 1 em. 1 om. 
Localiza-|, Perfeot Pertfeot Perfect Perfect Perfect i 
tion 
Tactile| Threshold Threshold Slow with Perfect Perfeot Perfect 
hairs with . with 21 grm./mm ? | 21 grm. /mm.? | 21 grm./mm.* | 21 grm./mm.,? 
28 grm./mm.? | 28 grm./mm.* 
Prick Not affected | Not affected | Not affected | Not affected | Not affected =n 
XN 
Weight ..| Not tested. | Gross want of appreciation Perfect appreciation over = 
; over these two fingers these two fingers together 
tested together : 








Case 19.—This 33 an example of the third form of sensory dissociation, which 
may occur in consequence of a cortical lesion, The power of recognizing 
simslarity and difference of weight and form was not disturbed in spite of 
considerable loss of the other two sensory groups. ` Wounded December 6, 
1917, with a machine-gun bullet which produced a gutter fracture in the left 
parietal region. Trephined four hours later, when the dura was found to be 
intact but bruised and blue. It was incised and .blood-clot and brain-pulp 
evacuated. Isolated movements of the right hand perfect with his eyes open, 
Distinct hypotonia of little and ring fingers. Reflexes unaffected. 


Second Lieutenant D. P., aged 23. 
On December 6, 1917, he was shot down from the air, when patrolling over 
the lines. He must have been unconscious for about two minutes, but when: 


. he came to himself his:machine was flying normally; on trying to control it 


he found his right hand was useless. He saw his hand upon the lever, but 
thought it belonged to his observer: he then appreciated that it was his 
own, and replaced it by his left hand. The foot and leg was not affected in 
any way. He brought the machine down safely and walked to the dressing ‘ 
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station. His head Was bleeding very Mirele he did not vomit, and suffered from 
„ no headache. 
` He arrived at the Casualty diaig Station about four hours later, and 
was operated upon st once. The dura was poriorated; blood-clot and brain. - 
matter were evacuated. Wound closed. 

This was followed by much headache and some eae Speech was 
not affected. 

On December 13, 1917, the’ incision was opened up and some blood-clot 
washed away. The dura was , pulsating and was not tense. The wound was 
left open for drainage. 

On February 28,1918, he was admitted to the R.F.C. Hospital, Bryaristone 
Square, and came under my care. At that time the wound had healed except 
for a minute spot which required dressing for three days only. 

The wound was represented by a longitudinal incision on the left side ‘of 
the head extending from the parietal eminence forwards almost into the frontal 
region of the scalp. At the posterior end of this line was a gutter in the bone. 
This began posteriorly 21°5 om. from the nasion; in front‘it ceased 17°5 em. 
from that point. It lay from 4'to 4°5 cm. to the left of the middle line. His 
head was unusually long, and the total nasion-inion line measured 36 om. The 
scar was not pulsating and the total extent of loss of bone measured not more 
than 4 em. longitudinally and from 1 to 1'5 transversely. 

The following observations were made between March 10 and 24,1918, from 
‘94 to 108 days after the injury. 

His mental condition was excellent and he was an accurate and ‘most 
willing observer. 

He was entirely free from PE and had Sot suffered from convulsive 
attacks or seizures of any kind: 

The pupils were normal. Movements. of the eyes, face and tongue were 
perfect. 

All the reflexes of both upper and T extremities were normal, and equal - 
on the two sides., 

Motton.—The grasp of the right hand was distinctly weaker than that 
of the left, but all individual movements of the fingers could be performed 
perfectly with the eyes open; when they were closed the tip of the right 
thumb was not approximated to that of middle, ring or little finger with the - 
same precision as in the left hand. 

All movements of the nges wrist, elbow, and shoulder were extremely 
powerful. í 

If the hands were beld sais in front of him there was no want of 
alignment of the fingers, even when his eyes were closed. 

There was distinct hypotonia of the little and ring fingers of the right 
hand. The other digits seemed to be normal. There was no wasting. The ` 
right lower extremity was in every way normal. 

Sensation.—He said, “ I can use the thumb and first finger; the trouble 
is mostly in the three other fingers. It is a slight stiffness or numbness, as 
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if I had a tight glove on.” 


“ The fingers won’t get’ on to the right notes.” 


’ 


’ clothes, but found it somewhat difficult with the right hand. 
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He could not play the piano with the right hand: 
He was able to button his 
































| Right (affected) hand Left hand 
Little finger Ring finger Middle finger Index finger Thumb ~ 
/ 
Measured 15° to 20° 10° to 15° 4° to 8° 2° to 8° 1° to 2° Perfect at 1° 
movement 
Vibration 8 peo. 8 seo. 8 seo. 5 sec. 2 sec, = 
Compass-| Groas loss at | Threshold, | Introspective,| Perfect at Perfect at Perfeot at 
test 8em. 8 cm. lcm. lom. 1 cm. 1 om. 
Looalisa-| One error; Slow Normal Normal Normal No errors 
tion very slow g 
Taoctile]|28 grm.jmm.?/ 28 grm./mm.? | 21 grm.jmm.? | 14 grm./mm.? | 14 grm. jmm.3?) Perfeot with 
hairs ; i 14 grm./mm.? 
Thermal.. | Gross loss Slow; one Normal Normal Normal Perfect appre- 
error i ' ciation of 
85° and 48° 0. 
Prok .. 10 grm. 9 to 10 grm. 8 grm. 8 grm. 8 grm. 8 grm. 
Weight .. Perfect Perfect Perfect Perfect Perfect Perfect series 
Form .. | No loss with these two together |’ — No loss with these two together — 
Texture .. Affected Affected Introspective Perfect Perfeot Perfect 
: recognition, 


The right lower extremity was ın every way normal, 


Measured movements.—All five digits of the right hand were affected; the 
loss of sensibility was extremely slight in the thumb, but increased until it 
reached considerablé proportions in the little finger. ' 

Vsbratton.—This test corroborated the results obtained by passive movement. 

Compass-test—There was gross loss over the little finger, when the points 
were 3 cm. apart; but over the ring finger a threshold could be obtained at 
this distance. The change in the middle finger was introspective only; he 
found it harder to make up his mind, although his replies were correct. The 
index and thumb were not affected. 

Localization.—He made one definite error duly: which consisted in localizing 
a touch over the basal phalanx of the little finger on the same phalanx of the 
ring finger. But in this case the slowness of answering over the little and. 
ring fingers compared with his quickness over the other digits gave a better 
idea of the disturbance of localization than the records. He himself said, “ I 
have difficulty in making up my mind; when you ‘touch me on the ring finger 
I cannot be certain whether you are touching me on the ring or middle finger.” 
But he finally succeeded’ in choosing the correct phalanx and: the right digit, 
except once on the little finger. 

Tactile hars. —With a 14 grm./mm.* hair he said there was no difference 
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between the sensation on. the thumb and index fingers of the two hands. On 
the middle finger the threshold was raised to 21 grm./mm.’, and he said it was 

“olearer” on the left than on the right.hand., When a hair of 21 grm. fom? 
was applied in the usual way to the ring finger he not only failed to recognize 
the contact eight times out of sixteen, but said, “ It doesn’t seem like a sharp 
point at all; itis as if you were touching me with your finger.” The condition 
was similar over the little finger of the right hand. 

Thermal.—When two silver tubes containing water at 20° C., and at 40 °C., 
were applied to the little and ring fingers of the two hands.in varying order, he 
did not fail: to name them correctly, but said that 20° O. was “ colder” and 
40° C. “ warmer ” on the normal than on the abnormal digits. 

Two tubes containing water. at 85° and 48° C. were correctly recognized 
over the thumb and index finger of the right hand. Over. the. middle finger, 
his replies were also accurate, but he complained that it ‘was “much easier” 
on the normal than on the affected hand. Over the right ring finger his 
answers were slow, and he made one mistake in four observations. ‘Over the 
right little finger he could’ detect no difference between the two tubes, but 
named them correctly on the little finger of the normal hand. 

The threshold was raised on the right little finger both for heat and for cold. 
For cold it was, about 25° O. on the right and 27° C. on the left hand, whilst 
for heat it was about 36° C. on the right, and 29° to 30° C. on the normal side. 

“Thus, the changes consisted in a considerable enlargement of the neutral zone. 
A similar condition, to a less degree, was present over 'the right ring finger ; pot 
on the middle fingers the thresholds were identical. 

Prick.—Unfortunately, the threshold over the tips of the normal RN 
was rather high to this test, and he did not recognize the painful element in 
the prick under about 8 grm. on our algesimeter. . But, although there was no 
difference between the thumb, index and middle fingers of the two hands 
* some loss of sensibility was present in the ring and little fingers on the right 

side. This came out particularly well when the instrument was set at 
8 grm. and a series of pricks were made over the right and left little and 
ring fingers; ‘they were said to “ prick ” on the left, but to be‘ ‘blunt ” on the 
right hand. : 
Weight and Form.—The striking feature of this case was his perfect sensi- 
bility to these tests. He was not conscious of any difference between the 
` two hands, even over the little and ring fingers. f 
Texture.— Over the thumb and index finger there was no difference between 
-the two hands. Over the right middle finger the four textile objects were 
named correctly, but he complained that he had some difficulty in béing 
certain, ` because they were not so sharp” on the right hand. Over the ring 
finger he made several mistakes, and said, “I can tell it’s a bit of cloth, but I 
oan't feel if it is rough or smooth so well on the right hand.” On the right 
little finger he said it was “very difficult to tell what kind‘of thing it was,” 
but named two out of the four stuffs correctly. Evidently this is one Of the 
cases where the accurdcy of this -test suffers through defects of tactile 
sensibility. 


` 
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Case. 23. —An example of a , conibiiaid cortical and subcortical injury. Wowided 
November 14, 1917, by a rifle, bullet in the right parietal region. Cerebral 
abscess “eyacuated on December 8. The wound had healed before he was 
admitted to the London Hospital on February 6, 1918. The main feature 
of the Gass was the hypotonto condition of the left hand, associated with a 
peoulta¥ change in tis contouts ahil general appearance. The maximum loss 
Of sensditon lay over the indéd and middle fingers. 

. Private W. aged 22... 

, On Novihiber 14, 1917, hie waa hit by a rifle bullet, which penetrated his 

Halinet. Ha dropped and becamé unconscious for a few minutes, but was then 

ablé to walk about 200 yards to a dugout. He reached the Base Hospital 

about niné hours later, and the wound was excised and sutured at once. 


. Vision atid speech were not affected, and he suffered little from headache 


during thé first twanty- four hours. But the headache then became very 


. severe, and by Decéniber 4 he had begun to vomit. Four days later the note 


on the field card, said: “Going wrong. Cerebral abscess. Headache and 
vomiting. Wealtiéss of left face and arm. Slow pulse ; subnormal tempera- 
ture.” On Dećémber 8 he was operated upon, and a very small fissured fracture 
exposed: ` When the bone ‘was removed, pus welled up through a hole in the 
dura mater. A small tube.was inserted, and the flow of pus became profuse. 
From this time his progress towards'recovery was uninterrupted. 

. He was admitted to the London Hospital on February 6, 1918, eighty-four 
ive after the jury and sixty- four days after evacuation of the cerebral 
abscess., 

All tbe wounds were healed, and the trephined area was somewhat 
depressed. The site of the original injury was represented by an almost 
horizontal scar, 8 om. in length, in the right parietal region |fig. 1]. ‘ This 
was bisected by a short transverse cut, apparently the result of the first opera- 
tion. ‘The central portion of the wound, which lay directly over the trephined 
area, was 18°5 om. along the nasion-inion line and 9 em. to the right. His 


` head was remarkably big, measuring 87 om. from the root of ‘the nose to the 


> Jevel of the the external occipital protuberance. The trephined area was 5 om. 


in length and 4 cm. in breadth, and of an oval shape; measured along: the 
nagion-inion line, the anterior border of the opening was 17 cm. and the ` 
posterior 22 om. It pulsated heavily. _ 

His mental state was remarkably good, speech was unaffected, and he had 


_ little or' no headache so long as he was kept in bed. The headache became 


somewhat severe after he was allowed to get up, and he would suffer from a 
severe attack every two or three days. There was no nausea or vomiting, and 
he did not suffer from convulsions or seizures. 

The discs, pupils, and ocular movements were in every way normal. Move- 
ments of, the face, tongue, and palate were unaffected. : 

All the reflexes were equal and normal on the two sides. 

` Motton.—The grasp of the left hand was ‘somewhat weaker than that of 
the right in the relation of 80 to 50, but all individual*movements could be 
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carried out by each digit in turn so long as the eyes were open. “When they 
were closed, however, individual movements became clumsy : he succeeded 
in approximating the thumb tò each finger by. holding the fingers | together in 
a flexed position and bringing the thumb into contact with the ‘tip of each 





in tum. Moreover, the thumb slid off one finger to assume its position on 
the next, and the rhythm of the movement was defective. When the hands 
were held out in front of him, the fingers were in alignment, but, on closing 
the eyes, the little finger drooped ; the other digits were abducted and adducted 
irregularly, and were no longer under perfect control. He could bring hig 
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finger to his nose perfectly with his eyes open; but when they were closed it 
was liable to strike the cheek, or to arriye clumsily on the spot at which he 
was aiming. ` 

` There was no gross wasting, but the difference between the two hands was 
profound [fig. 2]. The left hand resembled that of ẹ woman, and was soft 
and rounded with delicate fingers; the right was that of a man capable of hard 
manual work. Its surfaces were squarely modelled, the palm broad and flat 
and the fingers had an appearance of shortness in relation to the hand, as a 





Fic. 2.—To show the condition of the right and left hands in No. 28. 


whole. The left hand, on the contrary, was rounded and soft; its lines were 
less deep. The fingers seemed to be longer and thinner than those on the 
normal side, although by measurement they were actually a little shorter. 
This illusory appearance was due to the smaller width of the left palm, which 
measured 8 em. compared with 9 cm. on the right hand. The tips of the 
fingers were spatulate on both hands, but less so on the left than on. the right. 
The interosseous spaces were not wasted; they seemed, however, on the 
affected’ side to be occupied by smaller and softer muscles. The patient had 
done no manual work for nearly four months, when the photographs were taken, 
and both hands were white and free from corns. The difference between 
them was immediately evident on contact. In the act of shaking hands, the 
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; - ary 
right pip wid iim and well sustained., I was conscious ‘of the elastic pressure 
of the contracting muscles of the palm and of the tension of the fingers; I had 
the feeling that if the patient chose to increase his grasp it might become 
painful. But when I gave my left hand into his, it was like the impression 
received from the hand of a woman. My fingers seemed to be in contact 
with something soft, and without resistance; the pressure was orderly, but 
gentle and harmless. 

All the digits of the left hand could be bent back passively one by one to 
an abnormal extent; even. the thumb seemed to be hypotonic. 

There was no' paralysis of the lower extremities, and movements of the left 


' hip and knee could be carried out strongly against resistance; but dorsiflexion, 


and to a less degree plantar extension, of the left foot were not so forcible 
as on the right side. All movements of the toes were possible. He could walk 


“well and could stand on the right foot, both with his eyes open and shut; on 


the left foot he could stand unsteadily but fell when his eyes were closed. 
I could find no definite signs of hypotonia in the left foo hee was no 
spasticity. * 

Sensation (between February 11 at March 10, 1918, ene to 116 
days after the ingury). 

He complained that the left hand “ “folt numb,” and this abnormal sensa-, 
tion was worse over the palm and forefingers than over the thumb and thenar 
eminence. When he woke at night it seemed to him as.if he had lost the 
index and middle fingers; ‘ “this part of the hand seemed gone altogether.” 
He did not recognize any abnormality in the left .lower extremity. a 

The results obtained were the usual sensory tests at this time as. shown 
in the following table :— 
































Left (affected) hand _ Bight hand 
Thumb Index finger Middle finger Ring finger Little finger Normal digits 
Srl 10° t0'20°- 10° to 20° 20° to 80° 15° to 25° 20° to 80° 1° 
movament| ` at 
Vibration Affected Affected | * Affected Affeoted Affected — 
Oompa “4 Gross loss at | Grogs loss at | Grogs loss at | Gross loga at | Gross loss at Perfeot at 
- test cm. 8 om. om. 8cm. . 8 om. 1 om. 
hooalina Not affeoted Affected ' Affected Not affected | Not affected | No mistakes 
on 
T i ctile | 28 grm./mm.? a ot portent ; aly threshold Not perfeot Not perfect a Perfeot 
airs , mm. mm.?| 7 am: 2/70 mm.* grm. /mm.3 
Thermal . Affected aay A Bftocted i Tea k feskad Perfect diac 
c nition of 85°° 
“and 40° O. 
Priok 5 grm. Gross affection | Gross affection 8 grm. 8 grm. 4 grm. 
. ` . threshold 
Weight Affected Gross loss Gross loss | Considerable | Considerable | Perfect appre- 
loss loss ciation of 
the series of 
changes in 
: weight 
Texture .. Affected Affected Affected Affected Affected Perfect 
S recognition 
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He was sent to a convalescent homé, and, on' his return, the following. 
observations were made between May 6 and 12, 1918 (178 to 179 days after 
the injury). 

His headache had almost entirely ceased; he had given up smoking, E 
with the “disappearance of ,the chronic cough, the most, potent cause of his 
headache was removed. 

Motion.—Individual movements of the left hand could be carried out so` 
long as his eyes were open, but, when they were closed, the fingers became some- 
what ataxic, especially the index and middle. These two digits were still 
hypotonio, but the thumb, ring and middle fingers could also be bent back to 
a somewhat greater extent than similar parts of the right hand. 

Sensalton.—The condition had improved considerably, but the index and . 
middle fingers still showed the greatest loss of sensation. 





Lefi (affected) hand 



































Rigit hand 
$$ --_— 
Thumb Index finger Middle finger Rung Anger , Little finger | Normal digits 
Meaaured 1°. 5° 5° 1° 1° Perfect at 1° 
movemen : 
Vibration | No difference 6 sac. 5 seo No difference ‘| No difference — 
shortening shortening 
Oompass- lom. 5 om. Lost at 5 om. 1 om. lem. - lem. 
teat i 
Localiga- Perfect Affected Affeoted Perfeot Perfeot Pertect 
tion S 
Tactile Normal | Not perfect at | Not perfeot at | 86 grm./mm.?} 23 grm./mm.*} 21 grm.jmm.? 
haira 2igr.jmm.? | 100 grm./mm.? | 100 grm./mm.* 40S rfect 
Thermal Not affected Gross loss Grogs loss Not affected | Not affected | Perfect recog- 
; f x nition of 85° 
Bs and 40° 0. 
Prick . 4 grm. 8 grm. 8 grm. 4 gm. 4 grm 4 grm, 

f threshold 
Weight Perfect Affected Affected Perfeot Perfect Perfeot series 
Form Perfect Blow and un- | Slow and un- Perfect Perfest Perfect 

certain certain a recognition 
Texture . Perfect Gross loss Gross loss | Introspective | Introspective Perfeot 
recognition 





, ' 
(B) APPROXIMATE PosrTion'oF THE LESION IN EACH CASE 


CITED 


IN THIS Paper. (For use with Chapter VIII.) 


It is impossible to determine with accuracy the position of the 
injury to the brain from the situation of the wound on the surface. 
But certain rough conclusions can be drawn, and Professor Elliot 
Smith has kindly attempted to’ localize the main incidence of the 
lesion in each of my cases. My sincerest thanks are due to him for 
‘the trouble he has taken and the encouragement he has given me in 
this matter. 
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«Case 1.—Lieutenant A. À. aged 26. Wounded October 8, “1915, by a 
fragment of a high-explosive shell. ‘He was not wearing a helmet. 

He was admitted’to the Empire Hospital for Officers on December 22, 1915, 
with the following note: “Operation on October 9, 1915, by Major Austen. 


‘ 





, f Fie. 8 (Case No. 1). 


x 





7 Fre. 4 (Case 2). 


Depressed bone removed. A large fracture passed: forwards, towards the right 
eye. .Dura mater opened widely and 2 = 3 oz. of subdural blood and brain 
matter escaped.” : 

“The brain at first formed a slight hernia, about the size of hali-a- “Crown ; 
but, after about fourteen days, it sank away and left a hollow below the level 
of the bone.” . 


‘SENSATION AND THE OEREBRAL CORTEX 241 


The opening in the skull extended from 15 to 17 om. back from the nasion 
and 10 om. to the right of the middle line. The .total nasion-inion line 
measured 34 om. (fig. 3). 

. The wound healed completely at the beginning of April, 1916. 
My observations were made at various times between January 2 and 


July 22, 1916. 





Fig. 6 (Case 4). 


‘ 


Case 4.—Lieutenant F, W. B., aged 81. Fully reported on p. 202 (fig. 4). 

Case 8.—-Bombardier J. W. B., aged 26. Fully reported on p. 206 (fig. 5). 

Case 4.—Private F. B., aged 18. Wounded January 7, 1916, by a shrapnel : 
bullet. No helmet. 

The note which came with him said: “Compound fracture of the skull. 
On January 8, 1916, the edges of the long ragged scalp wound were excised. 


. 
. 
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Usual trephine operation to enlarge opening aid remove EET bone, 
‘Brain substance was oozing through. « Blood-clot and brain washed away with 
a gentle stream of eusol.” 

“Had hernia cerebri, whioh’ disappeared under eusol dressings. ` F ‘first 
‘there was complete paralysis of “the left arm and leg.’ Now recovered as to 


7 





` so Fie. 7 (Oase 5). 





Fra. 8 (Oase ,7). 


coarse movements ; fine movements still lack co-ordination. The ulnar fingers 
show most impairment.” 

He was admitted to the London Hospital on. April 4, 1916. The wound 
was healed and consisted of a crescentic scar on the right side of the head, 
extending from the anterior temporal to the posterior limit of the parietal 
region. The greater part of this was a scalp injury only; ‘but in the centre 


CE 
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of the wound the bone had been ‘removed over: an area 3 om. in length 
horizontally and 1'2 cm. in breadth. “Here the scar pulsated. 

- This area of removed bone extended from 18 om. to 21 em. back from the 
nasion. ‘Its upper limit was exactly 5 cm. from the middle line. The total 
nasion-inion line measured 84 cm. (fig. 6): j 

` My observations were made between May 9 and July 23, 1916. 
Case 5.—2nd Lieutenant R. S. O., aged 28. Fully reported on p. 210 (fig. 7). 
Case 7.—Lieutenant H. J. O., aged 389. Weunced July 17, 1915, by a 
rifle bullet. No helmet. 
He was admitted to the Empire Hospital for Officers on October 27, 1916. 
“No notes of any kind. 


On July 18, 1915, some operation was performed, and he said he Was. 


trephined. 

When he entered the Empire Hospital there was a long irregular scar on 
.the left side of ,the head; in the centre was a minute granulating area, which 
was situated over the small trephine opening in the skull, THis opening was 
oval in shape and measured about 2'5 ém. by 1'5 em. in the two diameters. 
It was situated 18 cm. back from the nasion and 2 om. from the middle line, 
The nasion-inion line measured 36°56 cm. (fig. 8). 

On November 10, 1915, Mr. Walton removed two small pieces of hone, 
which lay in the brain substance about 1°5 em. from the surface, but entirely 
closed off. The dura was intact except for the sinus. 

The wound healed on December 28, 1915. 

Exactly a year later the wound was found to be covered with a minute 
crust, and on November 18, 1916, Mr. Walton removed three small pieces of 
bone from the fibrous tissue on the surface of the, brain. The wound healed 
finally November 29, 1916. 

In this case the foot was most severely affected, and the injury “had 
produced a definite right hemiplegia. Not only did the right plantar give an 
upward tesponse, but the ‘left was at first also abnormal i in the direction of the 
movement. 

Thé little finger showed more severe sensory datga than any other part 
"of the hand. 

Case 8.—lieutenant L. A. D., agd. 90. Fully reported on p. 221 (fig. 9). 

Case 10.—Private O. H. E., aged 28. 

Wounded at 6 p.m. on March 2, 1917, by a rifle bullet. He was wearing 
a helmet. r 

He says he was placed. on the ‘operating table in the early hours of 
March 8, 1917. No notes of any kind. . ; 

On March 6, 1917, he artived at Rouen. ` The notes are as follows: 

“No notes, but trephine opening in the right parietal region. Small entrance 


wound, apparently not touched, in centre of flap. Large fluctuating hernia , 


under flap, presumably large decompression.” 


He was admitted to the London Hospital on March. 15, 1917. The 


incision and entrance wound had healed. 


—™ 


i 


° 


s 
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The scar of entry was situated from 18 to 20 cm. back from the nasion 
and 11 cm. to the right of the middle lite. It measured 2 om. in length 
horizontally and 0°75 cm. in breadth. Beneath it lay an irregular opening 
in the bone about 4'5 om. by 2'5 cm. The nasion-jnion line ‘measured 
85 om. (fig. 10). , 7 


Y 





, 


Fia. 10 (Oase 10). 


‘Oase 11.—Lieutenant J.P. S., aged 29. 

Wounded on May 8, 1918, by a rifle bullet. He was wearing a helmet. 
On May 4 the wound was excised but he waa not trephined. 

No furthef operation. 


-_ t 


X 
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Admitted to the London Hospital May’ 9, aiid was maned tomy care 


” June 26, 1918. 


The scar was an irregular incision in the’ left parietal region 8'5 om. in 
length. It reached in front to within 14°5 em. of the nasion, and posteriorly 





Fra. 11 (Oase 11). 





2 Fre. 12 (Case 12). 


to 28 om. back from the same point. -The scar was throughout 8 cm. from the 
middle line. The bullet had evidently travelled from behind forwards. The 
total nasion-inion line measured 35 em. (fig. 11). 

A radiograph showed no fracture of the skull.- 

This was a case of injury to the cortex without penetration of the skull. > 


-m - 


946 ORIGINAL ARTICLES AND CLINICAL CASES 

The condition of the right hand, was in every way characteristic. The 
maximum affection lay over the thumb and index finger. The index finger was 
definitely hypotonic. a 

Case 12.—Oaptain H. N. F.,-aged 22. S, 

Wounded March 12, 1915, by a rifle bullet. No helmet. 





Fic. 18 (Case 18). 





c Fie. 14 (Case 14). ' 


He was operated upon by Mr. Robert Milne on March 15, 1915. The skull 
was fractured and a small irregular trephine opening was made. The wound 
healed entirely in ten weeks. AHN headaches disappeared by the middle of April. 

The leg had never been affected and two months after he was wounded the 


« hand and arm had reached the condition in which I saw him, 
Am «+ — 
y è 


2 
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He was brought to me by Mr. Milne in June, 1916, fifteen months after- 
the injury. The wound was represented by a well-healed somewhat depressed 
sear, which did not pulsate unless he lowered his head ; there was no pulsation 
in the erect position. 

The opening in the bone was irregularly rhomboidal, 3 om. in diameter from 
opposite angles. It was situated from 21°5 to 23°5 cm. back from the nasion,. 
and the superior angle was 2 om. from the niiddle line. The, total nasion-inion 
line measured 85 om. (fig. 12). 

My observations were made between June 12 and June 25, 1916. 

Case 18.—Lieutenant G. O. H., aged 21. 

Wounded May 20, 1917, by a fragment of high-explosive shell. He was 
wearing a helmet. A 

At 9 p.m., May 20, “ the gaping wound was excised. Depressed. fragmenta 
removed. Dura open, discoloured and tense. Opened by a linear incision. 
Blood-olot and ruptured brain expressed.” i 

On May 28, the note states, “ Patient had motor aphasia and some slight. 
impairment of the right hand.” j 

When admitted to the London Hospital on June 14, there was a large area 
on the left half of the soslp covered with a network of healed plastic flaps. 
At a point in the centre. of this labyrinth the skin was somewhat depressed 
and pulsated heavily.’ The site of the original wound could be seen, and it lay 
over a small irregular trephine opening. This was situated 16 cm. back from 
the nasion, and 6 cm. to the left of the middle line. It was roughly oval, 
3 by 2 om. in diameter. He had a tall head with & short posterior portion,. 
and the total nasion-inion line measured 34 cm. (fig. 18). 

Case 14.— Lieutenant E. C. H., aged 29. 

Wounded at about 4.80 p.m. on October 1, 1916, by a rifle bullet. He was 
wearing a helmet. 

The right hand was affected, and the right side ‘of the face was numb.. 

‘The leg was not affected at any time. . 

* He was operated upon the same day, but was told “ Nothing was found in. 
the wound, which had not touched the bone.” 

He was admitted to the London Hospital on October 6, 1916, with a 
healed longitudinal scar of a surgical, incision in the temporal and parietal 
region. There was no defect of bone. The anterior end of this scar was 

_ 18'6 om. back from the nasion, the posterior end 23 cm. It lay as a straight 
line, somewhat obliquely to the middle line of the scalp: the anterior end 
was 6 cm., the posterior 9 cm. to the left. Its total length was 9°5 om. 
The nasion-inion line theasured 85 cm. (fig. 14), : 

‘The maximum affection of sensibility was found in the thumb and index 
finger. The index finger was somewhat hypotonic.. Speech was affected at 
first: ` The lower extremity was in every way normal. 

Case 16.—Lieutenant E. D. J., aged 22. Fully reported on p. 226 (fig. 15). 

Case 16.—Private W. J., aged 38. __. 

Wounded - February 28, 1917, probably by a ‘shell fragment. He was. è 
sniping behind a steel plate when it: was hit. “e = 


ý eo i 
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Thé interchange of information card sent out by the Medical Research 
Committee stated: “Date of wound February 28. Could be roused to 
answer questions. Headache, vomiting, pain in eyes. Paresis and par- 
‘fsthesia of left arm. Operation under local anmsthesia. - Linear fracture’ 





Fra. 16 (Caso 15). >? 





Fie. 16 (Case 16). i 1 


of right parietal. Inner table fractured. Small laceration of dura. Active 
bleeding from véssel in dura. Bleeding controlled. Salt cigarette drain.” 
“March 17, 1917, pareosthesia all gone. Still paresis of fingers, Head- 
ache much better.’ 
He was admitted to the London Hospital.on March 22,1917. There was’ 
& deep, pitted wound in the right parietal region, roughly triangular in shape. 


‘ 
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' 
‘ 


No formal operation had been carried out and the loss of bone was extremely 

small. It measured about 3 om. by 1 om., and. was situated from 18 to 

20 om. back from the nasion and 5 om. to the right of the middle line. The 

total nasion-inion line measured 35 cm. (fig. 16). . 
The wound healed by May 8, 1917. 





Fia. 17 (Case 17). 





Fie. 18 (Case 18). 


My observations were made between April 27, and June 4, 1917. 

-The ‘remarkable condition in this case was the widespread sensory dis- 
turbance of the whole of the left hand; but tactile, thermal and painful 
sensibility were entirely unaffected. The loss of sensation to the tests for 
weight and form was particularly gross. 


. 
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, Case 17.—Private F. L., aged 29. Fully reported on p. 98 (fig. 17). 
Case 18.—Colonel M., aged 46. Fully reported on p. 228 (fig. 18). 1 
Case 19.—2nd Lieut. D. P., aged 28. Fully reported on p. 231 (fig. 19). 
Case 20.—Private J. G. S., aged 21. - | : acre a 





f° Ae 
Fra. 19 (Case 19). 





Fie. 20 (Oase 20). 


Wounded on Ti 18, 1917, by a fragment of a high- explosive shell. He 
was -wearing a helmet. 

` Operated upon at 11 a.m. the ; same day. “ Fracture of the skull. , Duta 

not penetrated. Wound excised. Large fracture. All loose fragments of inner 


4 z F 9 


, Lost use of right arm and leg 
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and outer table removed and. bone chipped round evenly. No gross injury to 
dura.” 

-July 24; 1917, ne at the base by barge. ‘Had convulsions. Slow 
pulse. -Motor aphasia. No optic ‘neuritis. Slow cerebration, At 9 p.m. 
wound. explored and a quantity of serum evacuated. Convulsions at 11 p.m, 





Fra. 21 (Case 21). 





- Fie. 98 (Caso 9). 


s 


'" July 26, more Ada evacuated,” 

“July 27, use of shoulder, elbow and wrist recovered in this order. ‘Use 
of leg returned, toes: last. .Abdominal reflex returned. Motor aphasia has 
cleared up.” ~ | es 

_ When adinitted i the fgnden ara i on eet 8, 1917, with a scar in 


i 
ay 
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the left: parietal oan which was healed except for a small sinus discharging 
clear fluid. This healed entirely on August 17. 

There was an irregularly oval opening in the bone 4'25 cm, in- largest 
diameter. It was situated 20 cm. back from the nasion and was 5 om. to the 
left of the middle line. A radiograph showed a definite removal of bone with 
smooth edges. The total nasion-inion line megsured 34 cm. (fig. 20). : 

All the digits were affected, but the grossest loss was in the little, ring, and 
middle fingers. 

Case 21.—Private J. H. T., aged 24. : aes 

Wounded on June 16, 1915, by shrapnel. No helmets at this time. 

He. was admitted to the London Hospital on July 8, 1915, with no notes of 
any kind. A large flap had evidently been turned down and in the centre the, 
site of the original wound was obvious as a ragged hole. This was from 15 to 
18 cm. back from the nasion and 8 em. to: the right of the middle line. , The 
patch was 8 by 2 cm. and was pulsating. The total nasion-inion line 
measured 84°5 om. (fig. 21). ; ? 





Fra. 28 (Case 28). 


Case 22.—Corporal H. U., aged 29. 

Wounded September 25,'1917, by shrapnel. No helmets at this time. 

The same day a piece of shell casing and a shrapnel bullet were extracted. 

The wound healed in the early part of December, 1915. 

He came under my care on May 15, 1916. 

There was an irregular rectangular removal of bone 4 by 1'5 om. in the 
right parietal region. It extended from 16 to 20 om. back from the nasion. 
The anterior edge was 4°5 cm. and thè posterior edge 8 cm. to the.right, of the 
middle, line. It was thus placed ‘somewhat obliquely and pulsated in the 
centre. The total nasion-inion measured 34 om. (fig. 22). 

In this case the index' finger showed the grossest sensory changes, 

` Oase 23.—Private J. H. W., aged 22. 

Fully reported on p. 235 (fig. 23). 
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I.— INTRODUCTION. 


"DURING recent years great interest has developed in the study of 
syphilis as it affects the central nervous system in the early stages 
of the disease. 

It has been realized gradually that “ gummatous meningitis,”, which 
a few years ago was the only recognized form of syphilitic brain disease, 
other than dementia paralytica, is an incorrect term if it implies that 
the lesion is a tertiary phenomenon only. ; 

It became quite common to find this condition in the later secondary 


stages and then earlier‘in the secondary stage. Next, cases of 


“secondary syphilitic meningitis” were quoted which could not be 


“accurately described as ‘‘ gummatous”’ at all. 


With increasing investigation of early cases of syphilis by neuro- 
logists, it began to be suspected that affections of the nervous system 
were really not uncommon in such patients, although they did not 


_ necessarily lead to pronounced symptoms. 


Evidence then began to accumulate that such affections as’ were 
clinically detectable were in reality only a fraction of those which really, © 
-existed ; that the nervous system was frequently attacked without any 
outward indication of this being manifest. 

The origin of this further advance may be taken to be a series of 
papers by Ravaut (1903) [19]. This author performed the operation 
of lumbar puncture upon a number of secondary syphilitics, most of 
whom showed no evidence of nervous disease, and in a large proportion 
found a pleocytosis and other pathological changes fo be present in the 
cerebrospinal fluid. For instance, in 100 cases of early secondary 
syphilis there were only twenty-eight which could be said to have mute 
normal cerebrospinal fluids. 

After this observation no further contribution was made to this 
subject for several years. 

. About the year 1911 a discussion arose as to the effect of “ ‘606 ” 


r 


INVOLVEMENT OF THE GENTRAL NERVOUS, SYSTEM IN SYPHILIS , 257 


treatment upon the central nervous system. It. was asserted by one 
school, and especially by Finger, that “ 606” actually induced a toxic 
reaction in the central nervous system which was recognized by an 
increased number of nervous signs following the treatment. 

The nature of this toxic reaction was not at first clear. Some 
considered it to be æ direct arsenical intoxication such as was known to 
occur (optic atrophy) after the administration of arsenic, while others 
considered that the lesion was syphilitic. This latter view soon became 
general (vide McIntosh and Fildes, 1911 [16]), and then the question 
arose as to Whether these syphilitic affections of the central nervous 
system were commoner after “606” than after mercury. An extensive 
literature appeared upon this subject of the “nerve relapse.” Ehrlich 

.and his school argued that such relapses were quite common in the 
literature of mercury treatment (Benario). Without entering into all 
details it may be said that at the present time it is accepted that this. 
was the case and that nervous affections’ are not unduly common 
after “606.” On the other hand it is also accepted that such 
manifestations are remarkably common not only after “606” but. 
before ‘“‘ 606” or any other treatment has been administered. 

The ‘recognition of these “nerve relapses” and the consequent 

' discussion greatly stimulated the neurological examination of cases of 
syphilis. Small signs were recognized which were formerly missed and 
the operation of lumbar puncture became a routine in neurological 
clinics. It was however only the cases which exhibited nervous signs 
which came into the hands of the neurologist, and thus it only gradually 
became evident that changes might be present in the cerebrospinal fluid 

` when no obvious nervous lesion existed, as had been shown already by 
Ravaut. 

These observations are sparse and often trivial. 

In 1911 Boas and Lind [4] examined six cases of untreated secondary 
syphilis and found a slight increase in cells in two. Fraenkel [11] in 
1912, in fifteen cases of syphilis described) without detail, but including 
some late secondary cases, found five with increased cells and positive 
Wassermann reactions in the fluid. Whether the five cases on careful 
examination would have presented signs of nervous disease is not clear. 
The remarks upon the nervous system are confined to the letters “O.B.” 

Zaloziecki and Friihwald [24] in the same year examined thirty 
cases of early but unspecified syphilis without. evidence of nervous 
disease. . Four of these had an increase of cells in the cerebrospinal 
fluid (11 to 24 per cubic millimetre), five had 22 to 87 cells and also 
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increased globulin, ‘while’ two had 94 wad 212 cells, increased globulin 
and positive Wassermann reactions. “One of these was a late case 
‘of secondary syphilis (infection two years), and ophthalmological 
` examination. revealed a “ pseudoneuritis.” Otherwise the nervous 
systems of both were normal. 

Berg] and Klausner (1912) [5] examined TEN -six cases. Four of 
_ these were suffering from primary syphilis and two had eight cells 
per cubic millimetre. The remaining twenty-two were secondary 
syphilitics, and’ fifteen were described as showing ‘‘ pleozytose,”’ while 
` one had a positive Wassermann reaction in the cerebrospinal fluid. 

Altmann and Dreyfus (1918) [1] made the first important contri- ` 
bution to the subject. These authors described cases with cells in the 


cerebrospinal fluid up to 15 per cubic millimetre as having “slightly . - 


altered ” cerebrospinal fluids. These are-not included in the following.’ 
table of their results. No neurological examinations were made. 


Number with - Number with 
Number Wassermann Number Wassermann reac- 
Stage of syphilis of a reaction with cells - Hon positive in 
$ cases positaye im blood over 18 cerebrospinal fluid 


Primary aie a 8 eat 2 a 0 os 0 
; (One with 18 coelis) ; 
-(One with 7 cells) 


Secondary with chanore ... 91 me 21 5 1 0 
Beoondary without chancre 835 om 85 see 12 ae 11 
Tertiary . 2 2 2, n 0 H 0 
Latent .. 3 an 85 oe 46 a » 0 eae 0 

bee 19 “19 o. 10 10. 


39 


With regard to the -“ latent” cases, all had been treated with 
mercury, but none presented themselves st the hospital for obvious 
syphilitic conditions. These authors also showed that the abnormality ` 
in the cerebrospinal fluid may be reduced by salvarsan treatment, 
although the number of cells may be temporarily increased after 
insufficient dosage. 

In 1918 Ellis and Swift [6] ‘published twenty-two, cases of early 
untreated secondary syphilis. None of these showed any nervous 
lesions, but three had 12, 12 and 18 cells per cubic millimetre. 

Gamiper, and Skutezky (1918) [12] also examined twenty-eight 
similar cases. Nine of these had over 10 cells per cubic millimetre | 
in the cerebrospinal fluid, and of these, four had positive Wassermann 
reactions in the fluid. 

In the same year Fildes and McIntosh [8] referred fo twenty-three 
cases of syphilis, without signs of nervous disease, in whom the 
Wassermann reaction was negative in the cerebrospinal fluid. These 


i 


INVOLVEMENT OF .THE CENTRAL NERVOUS SYSTEM IN SYPHILIS 259 


included all stages of syphilis except the primary. As was pointed out, 
however, these and other cases had been subjected to an elaborate 
neurological examination by Dr. H. Head and Dr. Fearnsides, and signs 
` of nervous disease were found in several similar cases, which were then 
transferred to another category. Thus these results were not opposed 
to the findings of others. 

In order to obtain a correct estimate of these abnormalities it is 
necessary to make routine examinations of all cases without selection, 
and such appear to have been first carried out by Engman, Buhman, 
Gorham and Davis (1918) [7]. 

_Among other examples, these authors examined thirty-six cases of 
syphilis up to'two years after infection. Four of these had a slight 
. Increase in cells, while three had increased cells, globulin and positive 
Wassermann reactions in the fluid. Of these three, two had symptoms 
of syphilis and one had unequal pupils. 

During ‘the two following years Wile and Stokes published several 
papers upon this subject (20, 21, 22]. These authors also made routine 
examinations of all syphilitics and laid special stress upon the occurrence 
of * neuroretinitis” and diminished bone conduction. For instance, in 
six cases of primary syphilis they described no less than five instances 
of “ neuroretinitis.” We have tabulated the findings in these six cases 
of primary syphilis as a sample of the results obtained. 











Num Duration of Cells in S 
of primary lesion Eye Ear Nervous system [cerebrospinal] Wasso: manno 
case (weeks) fluid aid 
1 6 | Normal Normal Normal Normal | Negative 
2 5 Neuroretinitis as a 7 Very slight 
positive 
8 15 3 n 3 5 Positive 
4 4 i “Involved "| Rombergism, ' 200 Negative 
pupils sluggish | 
and unequal. 
5 1 j3 Normal Knee and 15 Negative 
i Ankle-jerks 
` moreased. 
‘6 ? zi . | Diminished Normal | 5 Negative 
bone 
conduction ! 














It may be pointed out that these phenomena are not discussed in 


detail. 


Houptmann (1914) [14] examined fifteen. cases of primary and 
secondary syphilis-and found no abnormalities except in one case of 
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secondary syphilis. This showed increased reflexes and had sixty-nine 
cells with a negative Wassermann reaction in the cerebrospinal fluid. 

Leopold (1914) [15] examined sixty-seven cases and found between 
0 and 10 cells per cubic millimetre in forty-three and over 10 in eleven. ` 
The Wassermann reaction in the cerebrospinal fluid was positive in 
six of these. Routine neurological examinations were made and various- 
slight abnormalities were found to be present. 

Gutmann (1914) [18] examined fifty-seven cases of early syphilis and 
found one case of early secondary syphilis with 13 cells, and seven cases 
of secondary syphilis with increased cells, of whom two had a positive 
Wassermann reaction in the cerebrospinal fluid. ; 

Audry and Lavau [2] also in the same year described a case of 
primary syphilis with 40 cells. - 

The most recent paper upon this subject, and also the largest series 
of cases, was published by With [28] in this Journal in 1918, although 
the paper was written two years earlier. His results may be tabulated 
as follows :— l 


Number mth Number with ° 
Number positive Number Wassermann‘reac- 
Stege of syphilis of Wassermann with cells tion positius in 
cages reaction in blood + over 10 cerebrospinal fwd 
Primary 2 i 45 s 0 sa 1 i 
l (partial) 
Primary D “id 87 z 87 a 3 
Secondary, early with rash, 184 ae ? s 18 2 
8-5 months after infection 
Secondary; later treated 41 a ? oe 4 1 
CASOS 
Latent .. . A 41 ae 41 ae 4 a 
Tertiary.. oe fe 18 ae ? T 1 0 
816 26 6 


Thus in the categories mentioned With found over 12 per cent. 
with a pathological increase in the cells in the cerebrospinal fluid. 
The whole of this author’s series included 439 cases of syphilis, but 
those already quoted are the only ones which bear upon this subject. 

It may be remarked that there is no clinical description of the 
cases,’ and thus it is difficult to satisfy oneself on the instance of 
primary syphilis with a slight positive Wassermann reaction in the 

- cerebrospinal fluid. The serum was negative and there were no cells., 
It is also not quite certain to what extent this series is a purely random. 
selection. 

It will be recognized that many of these papers which have 
ebeen referred to are in several respects unsatisfactory and fragmentary. 
' This was furnished by the Author, but could not be printed owing to want of space,—Eprror. 
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It has appeared to us that in order to emphasize the existence of an 
abnormality of the central nervous system, some writers have assumed 
& very narrow margin of safety. Several of. the neurological abnor- 
malities, for instance, are hardly definite enough to carry much weight 
in argument. Very much stress can hardly be laid upon a number 
of cells up to 10 per cubic millimetre in the cerebrospinal fluid. 
These findings may indeéd be abnormal, but at the same time it 
appears to us to require more definite evidence before we accept without 
reserve Ravaut’s statement that 62 per cent. of casés of secondary 
Bypa eee abnormal central nervous systems. \ 

Looking however at these findings as a whole, it is certain that a ' 
very considerable proportion bf cases of early syphilis have obviously 
' abnormal cerebrospinal fluids and a very much higher proportion 
possibly abnormal cerebrospinal fluids. It may also be said that very 
few of these show. obvious signs of nervous disease such as would 
‘produce any disability, while many show no discoverable signs of 
disease at all. . 

The existence of these early and undeclared affections of the`central 
nervous system in early syphilis is of the greatest importance. In 1914 
‘McIntosh and Fildes [17] called particular attention to this subject in 
connection with the pathology of ‘‘ parasyphilitic ” affections. They 
argued that a tertiary syphilitic lesion such as a gumma was due-to a 
recrudescence in a remnant of spirochwtes which had remained 
dormant in situ since the generalization during the acute stage. As 
Lang had stated as long before as 1881, ‘‘ an organ which is the seat 
of a gummatous lesion must have been affected in the early period of 
syphilis.” 

McIntosh and Fildes were engaged in showing that the lesions of 
“ parasyphilis ” differed in no essential particular from those of tertiary 
syphilis, and in order to complete the comparison it was necessary to 
show that the central nervous system, which later developed ‘‘ para- 
syphilis,” might readily have been affected in the early stages. They 
thus collected such evidence of nervous disease as was then to be found 
in the literature, and which has been referred to in this paper. They 
also noted that Hoffmann, had demonstrated, by inoculation, Spirocheta 
pallida in the cerebrospinal fiuid of an acute syphilitic, and called 
attention to the experimental work of Steiner,and Jacob and Weygandt, 
upon rabbit syphilis, which indicated that a lesion of the central 
nervous system. was a common phenomenon in these animals soon 
after inoculation. i 
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Clearly this subject has a very Poe bearing upon the 
treatment of syphilis. ` 

If it is true that the infection of the Saree nervous system in 
the early stages may be the percursor of dementia paralytica in the 
later, it is ‘important to determine the conditions under which this 
development takes place. The proportion of early cases which are 
affested is apparently large, and yet only a very -small number of 
these develop ‘dementia paralytica. The question thus arises, which 
of these early cases are likely to be affected in this way ? 

In ordinary tertiary syphilis there is reason to suppose that the 


” patients 80 affected have remained actively syphilitic ever since the 


secondary stage, that they have had in fact more or less persistent 
positive Wassermann reactions. Is is therefore legitimate to suggest 
provisionally that these cases, which subsequently develop dementia 
paralytica, have persistent reactions.in their cerebrospinal fluids. 

These matters are, however, merely speculative, and to be ‘estab- l 
lished a large number of observations are necessary over a period of 
years. ` 

In order to study the subject more closely we have instituted ah 
examination of the cerebrospinal fluid as a routine in all cases of 
syphilis, and hope to be able to follow some of these patients with a 
yiew ‘to determining their subsequent fate. 


Il.—THE GENERAL NATURE OF THE MATERIAL, AND METHOD 
OF DEALING WITH IT. 


At Haslar every man who enters the venereal section for syphilis or 
suspected syphilis has the full details of his case entered upon a 
recording card system, which 1s designed to save labour and to give 
all information on a systematic plan suitable for mass statistics. 
Every man has all applicable laboratory tests carried out as a 
routine., ' , 
` The treatment of the cases also proceeds upon routine lines, par- 
ticular courses being applied to cases of particular “type.” We do 
not treat men as individuals, but as ‘“‘ types ” according to a set routine. 
The basis of the treatment is a series of injections of “ neosalvarsan 
compounds,”’ carried out at short intervals. 


l Throughout this paper we refer to “ neosalvarsan compounds” or ‘914,’ moaning 
any of the drugs of similar constitution, but different name, which are now upon the 
market. By “806” we mean salvarsan type drugs. Neither of these abbreviations 
include ‘ galyl.” i 
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We have further instituted a system by which it is sculls (if the 
exigencies of the Service permit) to follow the histories of all men after 
discharge to duty, and we hope that a sufficient number may be fol- 
lowed to throw important light upon the value of particular routine 
treatments in cases of a particular “type.” 

‘We do not give accessory forms of treatment, such as mercury, and 
endeavour to dissuade the medical officers in ships from giving it. 
We thus arrange a straight issue as to whether some five or six 
doses of a “ neosalvarsan” drug are capable of curing a satis- 
factory percentage of men in the particular stage of the disease met 
with. 


| M. 207. (Established—March, 1918.) A _ No: H. R. 886, 
A—— B—. Age 18. Ring. : O. Sea. Ship: Minotaur. Type: 0 1. 











Adm. May 1, '18 Disch. May 20, '18 Days Sick, 19 Infeot. Date, Mar 25, °18. 
Place, Portsmouth. 


r 





8. PALLIDA WASSERMANN ‘OLixtcan CONDITION 
Date |Resul Date [Resul Original :— ' 
7 Present :— Multiple indurated sores on and under 
May 2,°18 | Pos. | May 4,°18 | Pos. | prepuce. Ulcer to1tght of frenum. General adenitis. 
Papulo-squamous syphilide, trunk and limbs. 


Previous treatment :—None. 





Condition on discharge :— Sores healed; rashi 
fading. 











SUBSEQUENT Hisrory 


Ship Result] Date Remarks 


TREATMENT 


Dose Drug. | Date for W.R. 















+ 


May 3,'`18 | 0°45 grm. | N.A.B. 


nGa R.N.B. (Po) | Neg. |Aug. 11,18 
n» oan Renown | Neg. Nov.16, ,, | - 
” 18, ” ” ‘ Pos. |Feb. 8, +119| Wasser- 


| © ~maun— 











0.3.F., May 8,1918. 4 lympho. per eomm. W.R. neg. 
M. D. G. 18881/18. P.T.O, 


Having established this routine system of examination and treat- 
ment (vide Filfes and Parnell [10]), we determined to investigate 
in a large series of cases the existence of unsuspected nervous disease, 
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such as has been recognized to exist' in cases of syphilis daring 
recent years. We hoped that if we were able to record the out- 
ae features of the state of the central system of every man, 

r “follow. up” system might ‘in the fature throw important light 
oe the mechanism of the onset of the later nervous manifestations 
of syphilis. 

We therefore instituted the system of ‘examination ‘described in the 
following pages: with the assistance of colleagues who specialized in 
particular branches. 

' The preceding illustration of the obverse of the official aga: filled 


‘up with a hypothetical case, will give an indication of the system of 


examination to which all men were subjected. 

The number ““H.R. 385” is the man’s reference number, which is 
inscribed upon his syphilis papers which he carries with him. ` The 
letters denote that Haslar was the original treating hospital to which 
all subsequent specimens of blood ‘for Wassermann -tests must be 


‘sent. The “Type C. 1” indicates that the man was a “ C.” case— 


namely, secondary syphilis up to eighteen months from infection. - The 
number “1” indicates the particular course of treatment applied. These 
“ types ” are used in the classification of the results of treatment. The - 
date of infection is always recorded and, with judicious questions, can 
often be fixed accurately. The “treatment ’’ column gives the treatment 
administered in the hospital. This example is the’ “1” course; the- 
drug “N.A.B.” is novarsenobillon. 

The “subsequent history ” section is of great importance. “The 
“ date for W.R.” refers to the dates on which specimens of blood are 
to be sent in from ships and is automatically printed on the card with 
a rubber stamp. We allow for two years’ observation. 

In the “remarks” column we add recommendations which‘are sent 
with the report of the blood tests to the medical officers in the ships in 

which the man is then serving. 

' At the bottom of the card we'add the results of the examination of 
the cerebrospinal fluid, and of the eyes; ears and nervous system when 
these are. examined. 

The reverse of the card shown opposite, deals with reinfections or 
relapses upon a similar plan. - 

We have made every effort to recall cases which have ‘shown abnor- 
malities of the central nervous system, for examination, but of course , 


. their return is dependent purely upon the exigencies of the, Service. 


a Upon discharge from hospital the men return to barracks, and zon 
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there they are drafted back to ships. It is almost impossible to send 
men back from the Fleet, and therefore we are forced to make a re- 
examination while they are still at the barracks, and the period 
between treatment and re-examination is thus shorter than we should 
otherwise require. It will be seen that we have been able to make 
this re-examination in a proportion only of the total abnormal cases. 


RELAPSE OR RAINPECTION. af 


Clinical Condition : 


TREATMENT Í SUBSEQUENT HIBTORY 


' Ship /Resul Date Remarks 














It should be particularly understood that in this investigation we 
have included every man who entered the venereal section from the end 
of January, 1918, to May 31, 1918—namely, 624 different cases. This 
is of special importance, because the_series is a purely random selection 
and the results therefore indicate what may be expected from a similar 
random selection made elsewhere on similar material. We have in no 
sense accepted cases or endeavoured to obtain cases which might show 

, interesting or abnormal results upon examination. “The few men who 
have exhibited obvious signs of nervous disease have entered the section 
in’a bona fide manner ; the great adie! of these, particularly all those 
who would be diagnosed as ‘tabes ” “general paralysis,” are, of 
course, admitted into the neurological Sohn of the hospital, with which 
we have no direct concern. 


bead 
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IIl.—THe ROUTINE ADOPTED FOR THE EXAMINATION of THE 
CENTRAL NERVOUS SYSTEM. 


(1) Glassification of Cases. 


A classification of cases of syphilis into ‘‘ stages,” such as primary or 
secondary, does not convey to us any essential meaning, and therefore 
we have divided our material upon a time basis, or upon a basis which 
embraces a time and clinical factor. Thus our ‘‘ division ” of thé cases - 
is as follows :— 

Division 1.—Cases in which Spirochata pallida is found in an ~ 
inoculation lesion, before the Wassermann reaction has become positive 
in the serum. 2 

Division 2.—Cases, usually with an inoculation lesion, but with no 
other signs or ‘history of general infection, except. glandular enlargement 
and a positive Wassermann reaction, up to and including a! Fa 
weeks from the date of infection. 

Division 3.—Cases with signs or history of general infection, 
including a positive Wassermann reaction up to and including eleven’ 
weeks from the date of infection. — 

Division 4.—Similar cases from twelve to twenty-six weeks in- 
clusive after infection. 

Division 5.—Similar cases over twenty-six weeks froin. infection. 

Divigion 6.—Cases without signs other than a positive Wassermann 
reaction over twenty-six weeks from infection. 

It will be obiarvyed that Divisions 1 and 2 include early and later 
cases of “primary” syphilis; Divisions 3 and 4 early and later cases 
of “secondary ” syphilis; Division 5 still later cases of “ secondary ” 
and “tertiary” syphilis; while Division 6 includes “latent” cases. 

It may aa out that some cases do not present conspicuous 


“primary ” “ secondary ” lesions, and thus.could not, be classified 


upon the Aaa basis of “stages.” These we have dealt with purely 
upon a “time ” basis. 

It is sometimes particularly difficult to decide upon Division 2 
or Division 6 when a man has merely a recently healed sore of 
uncertain nature, the date of infection with syphilis nnd then 


` unobtainable. 


‘We do not know whether such a man is a recent or an old case : 
whether he has not yet developed a more or less normal “ rash,” or 
whether he has passed the period when this should have appeared 


, 
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and is not going to develop one. In the first instance ‘he should be in 
Division 2 and in the second in Division 6. The distinction between the 


two depends almost entirely upon the duration of the infection. 


(2) Lumbar Puncture. 


(a) Technique.—When lumbar puncture is’made part of the routine 
examination of every case of syphilis, it is necessary that the operation 
should cause little discomfort to the patient. Especially is this so in 
the instances where repeated examinations of a pathological cerebro- 
spinal fluid are required. By using a technique that is practically 
painless it is not difficult for the operator to secure the confidence of the 
patient. 

The following is the technique we employ: The patient 1s placed in 
a sitting posture with ‘the back bowed and shoulders drooped. The 
skin is prepared by rubbing with ether and spraying with iodine. The 
skin around the selected interspinous space is then anmsthetized by 
injecting a 0°5 per cent. solution of novocain through a fine needle until 
a circular blanched raised area is obtained. Lumbar puncture is then 
carried out with a Barker’s needle 34 in long; 2 c.c. only of fluid are 
removed, and the patient is kept in bed for the remainder of the day. 
As a rule, the first prick of the fine needle is the only painful sensation, 
and no after-effects are felt; buf a few cases have headaches, a feeling 
of stiffness in the neck and back of ‘the head, or malaise, for one or 
two days, persisting sometimes for a week., The exact cause of these 
symptoms we do not know, but they are probably the result of a dis- 
turbance in the cerebral circulation. In an. endeavour to prevent 
them, for a time we injected, through the lumbar puncture needle, an 


- amount of sterile physiological salt solution equal to the amount of 
_ fluid removed, but headaches ‘were not lessened, so this was abandoned. 


The best prophylactic we have found is rest in bed for the remainder of 
the day, ‘and it is our custom not to give intravenous treatment on the 
day lumbar puncture is performed. 

(b) The estimation of the number of cells an the cerebrospinal fluid.— 
The cell count requires to be done accurately. We have used through- 
out the method of Baker [8]. The following is the technique: 
Calibrate a pipette holding about 0°5 c.c.' into five equal volumes. 


, Shake the tube of recently drawn cerebrospinal fluid. Take up four 


volumes and then one volume of polychrome methylene blue (diluted 
1 in 8 with water) and discharge them into a small test tube or 


centrifuge tube. Allow to stand for a minute or two and then: after 


$ 
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shaking transfer a drop. to a a Zeiss cell and cover in the usual 
way. Examine with a }-in. objective, and pull out the draw-tube until 
the diameter of the field is exactly eight of the smallest squares. 


Mark this point for future use. Count the cells in fifty fields with a’ 


mechanical stage and multiply this number by two. This will give the 
number of cells per cubic millimetre. If polymorphonuclear cells are 
seen the number is noted. If a small amount of blood is present, 
the number of red cells per cubic millimetre is estimated at the same 
time arid. one cell is deducted from the white cell count for every 
1,000 red cells per cubic millimetre. This method is very’ accurate and 
rapid. , 

Some difficulty is always experienced in setting precise limits. to. 
the number of cells which may be considered normal. We have not 
ourselves examined: a large number of normal persons to settle this 
point, but have taken the ordinarily accepted limits. Perfectly. normal 
fluids, do not in our opinion contain more than 2 or 8 cells per cubic 
millimetre ; the majority indeed contain none, but we have taken up 
to 4 as being within physiological limits. We are not, however, 
prepared to assert that 6 cells is abnormal, because it is undesirable‘ to, 
over-estimate the number of pathological cases. We, therefore, have 
taken 10 cells as being an index of an abnormal condition, and in doing 
so follow a generally accepted practice. Those cases which have 
between 5 and 9 cells per cubic millimetre (both inclusive) we regard as 
‘“ doubtful ” and classify as such. At the same time we are of opinion 
that these “doubtful” cases. are more likely to be abnormal than 
normal. 

(c) The Wassermann reaction in the cerebrospinal fluid and serum.—- 


The general technique adopted for carrying out this reaction is that , 


of Fildes and McIntosh, described in this Journal [8]. Its later 


` modification appears in the Interim Report upon the Wassermann 


Reaction by a: Special Committee of the Medical Research Committee, 


upon the standardization of pathological methods [9]. The serum was. 


always tested qualitatively in one dilution, while the cerebrospinal fluid 


was estimated quantitatively by the method of falling quantities of fluid. ` 


The largest amount of fluid used was 0'8 c.c. (tested with 0°5 c.c. of 


a 5 per cent. suspension of deposited sheep’s corpuscles). The other. 


quantities were 0°2 c.c., 0°06 c.c., and 0°012 cc. The maximum 


quantity tested was four times, that used in the work by McIntosh and ` 


Fildes, collaborating with Head and Fearnsides in this Journal [18]. 
Tht second dilution corresponds to the first in that investigation ; the 


~ 
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third with the third, and the fourth with the fifth. There is, however, a. 
difference in‘ the technique used in the two investigations. While in ' 


the first the fluid was tested unheated, in the present the fluid is 
inactivated in’ the same way as the serum. We have made this 
modification because of the large amount of cerebrospinal fluid used in 
the present case. It has been remarked already [8] that a demonstrable 
difference may often be noticed between the Wassermann. reaction in 
the cerebrospinal fluid from a case of “central syphilis” (G.P.1.) and 

“ meningo-vascular syphilis.” The reacting substance in the latter is 
more thermolabile than in the former. It was suggested that this is 
due to the presence of a transudate from the blood in the acuter meningo- 
vascular lesion. That is to say, the reacting substances in the cerebro- 
spinal fluid in the meningo-vascular lesion are derived from two sources 


—namely, the local diseased tissues and the blood. This blood may be 


a very disturbing factor if the fluid is unheated, since unheated serum, 
even from a non-syphilitic, is capable of giving a positive reaction in a 
high dilution, and when eight times ag much fluid is used as serum in 
the test, the concentration of unheated serum would almost certainly be 
sufficient to affect the result in some cases. 

In cases of early syphilitic meningitis we think that a considerable 
proportion ef the ‘reacting substance in the fluid. is derived as a 
transudate from the blood, in the same way as a positive reaction is 
obtained in the case of syphilitics with meningococcal or tuberculous 
meningitis. ‘If the fluid is tested in an unheated condition this serum 
transudate will give a much stronger reaction than it should if the 


- man is syphilitic, or it may even give some inhibition if the man is 


non-syphilitic. Thus, with unheated fluid the transudate reaction is 
much’ exaggerated, and although more positive results may be obtained 
it appears to us that they will be less “ ho ” as a test of disease in 
the central nervous system. 

The method of stating the results is the same as in.the previous 
publications. The figure 4 which is an abbreviation of four plus 
signs (+ + .+ +) means that a complete inhibition of hemolysis 
occurred with the quantity of test fluid. to which the figure applied. 
Thus’ 4444 means, in the case of the cotebrospinal fluid, that complete 
inhibitions took place with 0'8 c.c.; 0°2 c.c.; 0°05 c.c. ; and 0°012 c.c. of 
fluid. 4400 means that complete positive Sees took place with the 


` first two quantities and negative with the last two. 4 --- means that a 


complete reaction was obtained with the largest quantity, but the others 


_ were not tested. In the serum the figure 4 means that a positive reaction 


` 
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was obtained with the ordinary test quantity. of serum (0'1 c.c.). When 
reactions are not complete in any one case, the figures, 3, 2 or 1 are used 
to denote the degree of inhibition in that, tube.° When the results of 
examinations of serum and cerebrospinal fluid are expréssed together, 
they are*printed in the form of a fraction. The serum takes the place 


‘of the numerator and the i a mud of the denominator, 


thus’: 4/4400. 

(d) Globulin and albumen tests. “No globulin or albumen tests have 
been carried out in the cerebrospinal fluid of these ‘cases, because, in 
view of the pressure of work, we did not desire to cumber ourselves 


with any tests which did not convey to us any more information than 


we had already gathered from the cell-count and Wassermann reaction. 
We have no doubt that the globulin and albumen tests are of value 


when other tests cannot be done, but they have always appeared to us 


to be somewhat indecisive. 


(8) The Examination of the Eyes. 
The eye-grounds were examined by Staff-Surgeon R. J. E. Hanson, 


` O'B.E., F.R.C.S.Ed., R.N.V.R. Owing to pressure of work in the 


Ophthalmic Department, all cases with abnormal cerebrospinal fluids 


could not be investigated. Cases were selected, preference being given | 


to those with high cell counts. No control cases were necessary. 


i 


(4) The Examination of the Ears. 


Examination of the ears was largely carried out in’ the Venereal 
Section, with the co-operation of Temporary Surgeon E. C. Dunlop, R.N. 


.' One hundred unselected cases were used as controls: These consisted 
of fifty syphilis cases with normal cerebrospinal fluids, and fifty non- - 


syphilis cases (persons who averred that they had never had syphilis, 
and whose sera were negative). In all cases Weber's, Rinne’s and 
Schwabach’s tests were applied. The object of the examination was to 
determine the condition of the internal ears. These tests could not be 
applied as & routine in all cases of syphilis. They were selected, but not 
to such @ marked extent as with the eye examinations. 


(5) EHzamination of the Nervous System. 


The examination of the nervous system adopted as a routine could 
not be an elaborate one. In nearly every case with a positive cerebro- 
spinal fluid we investigated :— 


4 
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(a) The functions of the cranial nerves, except for taste and smell. 

(b) The ‘reflexes: (i) Pupils—to light and in accommodation, 
(ii) knee-jerks, (iii) ankle-jerks, (iv) elbow-jerks, (v), abdominal reflex, 
(vi) cremasteric reflex, (vii) plantar reflex, (viii) palate reflex. The 
organic reflexes, the state of the sphincters, and the intellectual 
functions were sane only in special cases with clinical nerve 
lesions. 

(c) Sensory functions: (i) Sense of touch and pressure, (ii) sense of 
pain: These were tested with cotton wool for epicritic sense, and the 
point of a pin for protopathic sense. The temperature sense was not 
tested. : 

(d4) Co-ordination. Romberg’s sign. 


"y 


IV.—THE RESULTS OF THE EXAMINATION ,OF THE CENTRAL 
NEeRvous SYSTEM. 


(1) The Examination of the Cer ‘ebrospinal Fluid. 


_ (a) Gener ‘al statement of the number of cases with abnormal beret 0- 
spinal fluids.—Six hundred and twenty-four cases of syphilis have been 
examined during this investigation; of these 115 exhibited a pleocytosis 
of 10.or more cells per cubic millimetre, while seventy-three came 
within the “doubtful ” limit of 5 to 9 cells, both inclusive. That is to 
say, 18 per cent. of these cases were found to have a definite pleocytosis 
and 11 per cent. came within the “doubtful” limits. If, as seems 
justifiable, the ‘‘doubtfuls”’ are’ considered to be abnormal and are 
included with the “ positives,” if is seen that 30 per cent. of these 
men were abnormal in this respect. With regard to the Wassermann 
reaction, we found forty-one with positive reactions in the cerebrospinal 
rfiuid (6 per cent.), In all except one of these, the cells were also 
positive, and thus the total number of abnormal cases is increased by 
one only. The Wassermann reaction was not poue, in any instance 
_of “ doubtful” pleocytosis, ° 

(by The incidence of pleocytosis in the various divisions of the cases. 
——When the abnormal cases in the different “divisions are ‘tabulated, it is 
seen that the incidence is greater in some than in others. 

From this table it appears that a pleocytosis exists in a small 
number of cases of primary syphilis, even before the Wassermann 
reaction in the serum has becorie. positive, and ‘that the number 
gradually i increases until wie may be described. as: the later secondary 
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sates when no less than 29 per cent. are dilecta. During the later 
stages (tertiary), with manifest signs, the number affected is considerably ` 
smaller, but in the “latent” period, when manifest signs are absent, 
there is a very marked increase in the number of ¢ells. The “doubtful” 
pleocytosis does not'show this variation according to the stage of the 
disease. 


t 


SA 


TABLE SHOWING THE INcIDENOH OF ABNORMALITY IN THE DIFFERENT DIVISIONS, 
Number with Number with 


Divumon Number of cases positive calls " doubtful” cells 
1 71 ae a se 9 
2 168 ° on 15 oe 17 
8 107 2 aa 18 a 11 
4 8: a 26 ae 11 } 
5 78 os 14 e 11 
6 116 = 41 ee 14 
Results eopressed as percentage of cases. 
“1 z3 ge 2 oon 12 
a 8 ne 10 
8 16 en 10 
p4 obs Saf 29 Sa 12 
5 ae oa 17 ae 14 
6 me ae 86 ie 12 


` - 


It is desirable to illustrate the degree of abnormality met with in 
these cases with examples ; we have therefore selected the following 
instances in the various divisions. 


Dwision 1. 


ate 845.—Infected January, 1918. S. pallida ag March 16, 1918. 
Examined March 17: Ulcer in coronal sulcus; general adenitis; 16 L., - 
W.R. 0/0, N. normal, B. normal, O. not examined, 8. normal.. ` 

Case 1195.—Infected March 28, 1918. 5. pallida positive, April a7. 
Received 0'3 grm. galyl om April 28 and 0'25 grm. on May 8. Examined 


! Throughout this paper for economy of space we use the following symbols :— ue 
` 16 L. = 16 lymphocytes per o.mm.; 16 Li}. 2 P. = 16 lymphooytes and 2 poly- 
morphs, d 
O = negative Wassermann reaction (W.R.), using the largest quantity of test fluid. 
4 = positive W.R. ; 8 or 2 incomplete positive W.R., using the largest quantity of 
test fluid. 
,4--~3 444d ; 4440 ; 4400 or 4000 = positive W.R. in the cerebrospinal finid, using the 
fall quantity (0° 8 c.c.) only, or 0°8 0.0., 0'2 0.0., 0°05 0.0., and 0°012, as the case” 
may be. When the result of the examination of gerum and cerebrospinal fiwd is 
Pe ere together, it ia expressed as a fraction thus: 4 (serum) /4400 (0.8.7). 
= physical signs of nervous disease. 
= bone conduction or otological examination. 
; = ophthalmological examination. 
S = symptoms of nervous disease. 


606 = salvarsan type compounds 
914 =, neo-salvarsan type compounds 
— = no observation. 


} other than galyL 


m 
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May 11: Indurated ulcer at meatus; general adenitis; 8 L., W.R. 0/0, 
N. normal, B. normal, O. not examined, S. normal. 


Division 2. 


Case 986.—Contracted syphilis in June, 1916. Re- infected March 7, 1918. 
Sore on penis two days later. S. pallida positive, March 19, 1918. Examined 
April 11, 1918: . Scar of recent sore on prepuce; scar of old sore in coronal 
sulcus; general adenitis; 114 L. + 2 P., W.R. 0/0, N. normal, B. normal, 
O. normal, 8. normal. 

Case 888.—Infected December 26, 1917. Examination on March 16, 1918: 
Kidney-shaped ulcer at junction of penis and scrotum, left side; S. pallida 
positive; general adenitis, also gonorrhma; 8 L., W.R. 4/0, N. normal, B. normal, 
O. not examined, B. not inquired into. 

Dimston 8. 

Case 1230.—Infected about the middle of March, 1918. Had 0°25 grm. 
galyl, May 8, 1918. Examined May 12, 1918: Scar of sore on prepuce; sore 
on under surface of prepuce near edge, causing phimosis ; general adenitis ; 
- fading macular syphilide; 16 L., W.R. 4/0, N. normal, B. diminished on both 
sides, O. not examined, 8. dizziness for ten days. 

Case 1238.—Infected March 10, 1918. .Hxamined May 12, 1918: Scars of 
numerous erosions on glans, fading papulo-macular syphilide, general adenitis, 


‘condylomata ani; iridocyclitis right and left; 8 L., W.R. 4/0, N. normal, 
' B. diminished on both sides, O. iridocyclitis, S. none. 
Division 4. 

Case 251.—Infected September 29,1917. Examined November 29, 1917: 
Indurated ulcer on prepuce and indurated sore on lower lip; S. pallida 
positive in penile and lip sores: general adenitis; papular syphilide; 
Wassermann positive; had 8°16 grm. of “914” between November 29, 1917, 
and January 12, 1918 (the course being interrupted between December 8 and 
January 3 for unavoidable reasons): Re-admitted on April 1, 1918, with the 
following signs of relapse: Scar of-sore on lip vesicular and about to break 
down ; healing sore at franum which was destroyed ; general adenitis ; papular 
syphilide; 852 L +10 P., W.R. 4/4400, N. normal, B. diminished in both ears, 
O. not examined, 8. none. 

Case 655.—Infected in September; 1917. Sore on penis and rash. 
Examined on February 1, 1918: Scar of above sore; headaches and occasional 
giddiness, when stooping down, for one month; 750 L. +144 P., W.B. 4/4000, 
N. normal, B. not examined, O. abnormal (vide p. 386), S. as above. 


Division 5. 
Case 1274. Infected in 1903. History of penile sore only. In 1914 had 


ulcers on back of right calf. Examined May 15, 1918: Inguinal and axillary 
adenitis; healing gammatous syphilodermia on anterior and internal aspects ef 


` 
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right leg ; scars of serpiginous ulcers with pigmented edges on posterior aspect 
of right calf and outer aspect of- left knee; 200 L., W.R. 4/4400, N. normal, 
` B. diminished on both sides, O. abnormal aida p. 287), S. none. - 
Case 1297.—Infection date uncertain. 'Gonorrhæa in 1918 and in 1914. 
; Examined May 27, 1918: General adenitis; patchés of late syphilodermia on 
3 both palms, right knee, right thigh and ale nasi; scars of recent ulcers on 
fauces; 8 L., W.R. 4/0, N. normal, B. diminished on, both sides, O. not 
examined; S. none. 


2 ' , Division 6. ; 
Case 825,—Infected 19038. Had penile gore, rash and sore throat. 
Examined March 18, 1918: Scar of sore.on glans; scars of more recent ulcers 
hs - on penis; 26 L., W.R. 4/0, N. abnormal (vide p. 282), B. not examined, O. not 
. examined, 8. present (vide p. 282). 
l Case 1175.—Infected September, 1917. Had sores ander prepuce. Had 
‘ two doses of galyl March 26 and April 5.. Examined May 9, 1918; Sears of 
recent sores on prepuce; 8 L., W.R. 4/0, N. normal, B. normal, O. not 
examined, 8. none. : . 
_ Case 1164.—Infected September, 1917. Had ‘penile sore, rash, sore throat. 
Had two injections of galyl March 9 and April 9, 1918, also three injections 
of meroury. Examined May 6, 1918: General adenitis; fading mactlar 
syphilide on both forearms; 1100 L., W.R. 4/4410. Had 4°65 grm. “914” 
“between May 8 and June 17,1918, After having had two doses of 0°45 grm. 
at three-day intervals, paralysis of the right sixth cranial nerve developed, but . 
the treatment was not interrupted. June 20, 1918: 30 L., W.R. 0/4000. 
Had 1'8 grm. “914” between June 24 and July 8. July 16, 1918: 30 L., 
W.R. 0/8000. Paralysis of sixth nerve not completely resolved, bit much 
improved. 


< (c) The question of pr ‘oe treatment affecting results.—lt has been 
suggested from time to time that the pleocytosis which had been 
recognized in these early cases of syphilis was associated with salvarsan 
or arsenical treatment.. Finger, for instance, suggested that: salvarsan 
had a direct toxic action upon the central nervous system, while others 
‘held, and still hold in some cases, that salvarsan predisposed to 
syphilitic affections of the central nervous system, and thus pleo- 
cytosis was common after this treatment as a “provocative” effect. 
` ‘In order to estimate the importance of this factor we have divided our 
` cases into “ untreated” snd “recently treated.” We have only taken 
those cases treated with an arsenical compound within fourteen days as 
“recently treated,” since this is the period in which ‘the ‘ ‘ provocative 
reaction ”. is best detected in the serum or a fluid in .the,, 
case of the Wassermann reaction. 
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TaBLD SHOWING THD ABNORMALITY IN UNTRHATED AND RECENTLY TREATED OasEs. 


Unireated. 
Number with Number with 
~ Divimon Number of cases pleocytosis “ doubtful” pleocytoas 

Lr yo ai 48 ) Ly es 1 ee 5 
2 ss 182 a 18 ae 16 
8 ss 96 s 14 =s 18 
4 67 ~” -$ 18 jee 9 
5 5 4T a 5 oe 6 
6 55 = 19 oe 6 

440 70 (= 15 per cent.) 60(= 13 percent.) 

Recently Treated. 

1 24 a 1 8 
2 2A 1 1 
8 10 3 2 
4 8 8 2 
5 G 8 J: 
8 . 6 1 1 

78 12 (= 15 per cent.) 10(= 12 per cent.) 


From this table it is clear that arsenical treatment carried out 
‘during the period most satisfactory for inducing provocative reactions 
has no such effect. The incidence of abnormality is almost exactly the 
same in the untreated and recently treated cases.. Thus we may 
conclude that this abnormality ig in no way associated with previous 
arsenical treatment: On the other hand, if our results are compared 
with those of some others and found to be less abnormal, it may be 
objected that treatment had reduced the number of abnormal re- 
‘actions. Few of our cases had, however, received any extensive 
course of treatment with arsenical compounds before coming under 
observation, but nevertheless we tabulate them to show the importance 


of this fact or factor. . ` 
' TABLE SHOWING THE EFFEOT OF TREATMENT (NOT RECENT) vron THE IĪNCIDENOE OF 
ABNORMALITY, 
Cases treated, but not within fourteen days. 
° Number with Number with 
Division Number of cases pleocytosis “ doubtful” pleocytosis 
1 4 0° 1 
2 18 2 0 
' 3 1 1 0 
4 10 4 0 
5 25 6 4 
6 58 20 7 
106 ~ 88 (= 81 per cant, ) 12(=11 percent.) 


The untreated cases shọwn -in the table on this page had 15 per cent. 


with pleocytosis, and 13 per cent. with “ doubtful” pleocytosis; thus, 
the treated cases exhibited a considerably greater degree-of abnor-- 
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mélity. This result may be taken as confirming the view that cases ' 
after salvarsan treatment show a greater incidence of nervous disease 
than cases after no treatment; but this would be an incorrect de- 
duction. The high percentage affected in the treated cases is due to 
the large proportion of Division 6 cases which appear in the list in the 
above table. Taking Division 6 alone, there is no greater incidence of 
nervous diseases in the treated than in the untreated. 

’ The reason for the large proportion of treated Division 6 cases is no 
doubt that these men, having been formerly acted to a hospital for ' 
treatment, have come under the Naval “follow up” routine, and thus ` 
had Wassermann reactions carried out more often than men who had 
never been to hospital. Then, being found with positive reactions 
after the almost invariably inefficient treatment, they were agan 
admitted for examination. 

In general we conclude that the amount of treatment which our 
patients received had no effect upon our results one way or another. 

(d) The incidence of a positive Wassermann reaction in the cerebro- 
spinal fluid in the various divisions of the cases.—It is of importance 
to determine the stage of the disease in which the Wassermann reaction 
is most commonly present and at which the nervous lesion first becomes 
sufficiently pronounced to establish a positive reaction in the cerebro- 
spinal fluid. 


TABLE SHOWING THE INCIDENCE oF PosrrrvE WASSERMANN REACTIONS IN THE CEREBRO- 
SPINAL FLUID IN THE VARIOUS DIVISIONS OF THE Diswasn. 


Number with Number per cent * 
Thvusion Number of cases positive W.R. with postive W R. 
1 71 0 0 
2 168 1 0 
8 107 8 2 
4 í 85 7 8 
5 78 5 6 
6 115 26 22 


In this table it is seen that the positive reaction is not dbserved in 
primary syphilis until the Wassermann reaction in the serum has 
become positive (Division 2), but even then there is only one instance of 
a very slight reaction. 

Case 518.—Infected September, 1917. Examined January 25, 1918. 
Indurated scar of recent sore on dorsum of penis; general adenitis; 84 L., 
W.R. 4/2000, N. not examined, B. not examined, O. positive (vide p. 285), 
§. not examined. 

In the course of the routine clinical examination of cases, three ~ 
men were placed in Division 2 who have since been transferred to 


Division 6. These three men had positive Wussermann reactions in 
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* ‘the cerebrospinal fluid. We give here the details in order to justify 
ourselves and illustrate the difficulties of diagnosis. 


Case 1180.—Mercantile. Marine stoker, aged 38. Infected “during the 
last six weeks.” Had a sore on the penis sixteen years before. Examined 
May 4, 1918: -Indurated ‘subpreputial ulcer dorsally ; general adenitis ; 
gonorrhea; no S. pallida found on three occasions, but antiseptics had been 
applied; 18 L., W.R. 4/4---, N. normal, B. normal, O. not examined, $. 
general malaise for ten days before admission. _ 
Case 1281.—Chief Petty Officer, aged 42. Said to have been infected 
March 10, 1918. Examined April 23, 1918: scars of papules'on glans; slight 
general adenitis ; 19 L., W.R. 4/4- --, N. normal, B. normal, O. positive (vide 
p. 288), 8..normal. 
Case 1059.—-Stoker, aged 23. Infected July, 1915 (primary syphilis). 
W.R. positive in August and December. 1915; negative in June, 1916. 
Treated with mercury and one dose of “606.” (?) Reinfected December 
15,1917. (?) S. pallida found February 26,1918. Examined April 20, 1918: 
Acquired phimosis ; balanitis : no gonorrhma ; subpreputial induration; generel 
adenitis ; 42 L., W.R. 4/4400, N. normal, B. normal, 0. positive (vids p. 287), 
_ 5. normal. 

* These three cases had penile sores, and the question to be decided 
was, whether these were- primary syphilis or non-syphilitic lesions in 
old syphilitics. The spirochete test should be the deciding agen 
in such cases, but in one (Case 1281) the lesions had healed, - 
another (Case 1130) S. pallida could not be found, while in the 
third they were said to havé been found outside this hospital, but we 
are not satisfied that this diagnosis was correct. This man had 
phimosis and balanitis with a thick yellow discharge, incorrectly 
diagnosed as gonorrhea. Under such circumstances the differential 
diagnosis of S. pallida from S. refringens may be extremely difficult, 
and we have frequently known mistakes to have been made. 

In the absence of the spirochste test we may have recourse to 
clinical examination, and in only one was there serious clinical evidence 

- of primary syphilis—namely, an “ indurated subpreputial ulcer dorsally” ; 
but we may remark that too much diagnostic value should not be placed 
upon “ induration.” 

As regards evidence to establish the fact of these men being old 
syphilitics, this is forthcoming in two. One undoubtedly had syphilis 
shortly before, while another stated that he had a sore sixteen years 
ago. Two of the men were old seamen, and were,of an age which 
suggests an older infection. 

Our attitude towards these cases is that there i is no certain evidence 
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that they lone ‘to;-Division 2, and ‘if the evidence is tainly equally » » 


balanced we prefer to transfer them to Division 6, because otherwise 
they would be the only examples of a fully positive Wassermann re- 
action in the -earlier division ; such pronounced nerve lesions and eye 
lesions in a’ case of primary syphilis would be so remarkable that they 
should be established beyond a doubt before they are accepted. 

In Division 8 the nervous lesion may be sufficiently advanced to 
give » few undoubted reactions in the cérebrospinal fluid., 


Case 593. —Infected in November, 1917. Examined February 5, 1918. 
Soar of sore to right of frenum; marked general adenitis; both tonsils 
enlarged and covered .with mucous patches: scars of recent condylomata ‘ani. 
740 L, +2 P; WE 4/4300, N. normal, B. normal, O. abnormal (vide p. 286), 
S. none. 

Case 1258. oer early in April, 1918. Examined. May 12, 1918. 
Scars of large ulcers on body of penis left. Two erosions, one on dorsum of 
glans left, and one, subpreputial left. General adenitis; ulcers on tonsils: 
rhagades at left angle of mouth; follicular syphilide; 86 L., W.R. 4/4---, N. 
normal, B. positive, O- not examined, S: hard of hearing for several yanis, 
worse last month. Treatment, from May 18 to June 2, 2°7 grm. “ 914.” Re- 


examined July 28, 1918: 0 L., W.R. 4/0. nee 


Case 673.—Infected 1916. Primary ‘syphilis treated with three doses of 
galyl. Reinfected January 29, 1918. Examined February 21, 1918: Small 
sore on penis to right of meatus; S. pallida present; condylomata ani; general 
adenitis; 82 L., W.R. 4/3000, N. not examined, B. not examined, O. normal, 
B. not inquired into. ‘ 


-In the later secondary period (Division 4) positive reactions are 
frequent, but rather less so in the manifest tertiary (Division 5). 
The latent period (Division 6) shows the most remarkable result, no 


less than 22 per cent. of such cases being affected in this manner. We ` 
give here three ordinary examples :— 


Case 829.—Infested May, 1914. Indurated sore at- meatus. Treated with 
0'3 grin. “606 ”' in May, 1914,,and three doses of galyl between July and 
September, 1917; also mercurial injections and pills. Examined March 17, 
1918: No lesions ; 98 L., W.R. 4/4400, N. normal, B. inik right, O. 
abnormal (vide p. 287), S. not inquired into. 

Case 520.—Infected May, 1916. Had two injections of galyl in May, 1916. 
and 0°76 grm. “914” in June, 1917. Examined January 25, 1918: General 
adenitis; 107 L., W.R. 4/4440, N. ‘normal, B. diminished on right side, O; 
abnormal (vide p. 387), S. none. Had 4'5 grm. “914” between January 27 and 
March 10; 1918. On March 11, 1918: ane L., W.B. daa On June 8, 1918: 
10 L., W.R. 0/0. 


“Case 740:—Infected November, 1916, ae on penis, Goce sore throat. : 


“Had three injections of galyl, May'and June, 1917, and twelve injections of 


s 
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mercury. Examined February 28, 1918: Scars of subpreputial sores ; inguinal 
and cervical adenitis ; 112.L.. W.R. 4/4000. Had 3'6 grm. “914” between 
February 28 and March 28 (four doses of 0'9 grm.). April 11, 1918: 10 L., 
W.R. -/8000, and 0'9 grm. “914” given. May 9, 1918: 10 L, W.R. 
4/3000, and given 0'9 grm. “914” on the following day. 

(e) The-relation of the degree of pleocytosis to the incidence of the 
Wassermann reaction in the cerebrospinal fuuid.—tt:is of interest to 

inquire whether a positive Wassermann reaction has any constant 

`- association with a particular degree of pleocytosis in the fluid. In the 
following table ‘all cases with a positive Wassermann reaction are 
arranged with the number of cells and compared with the nuinber of 
cases which gave a negative reaction. ' 

TABLE SHOWING THE RELATION OF THE Positive WASSEBMANN REAOTION IN THE 


OBREBBROSPISAD FLUID ro THB NUMBER OF UELLS. 


Number of cells Number of cases n Number of cases 
in the 0.8, F. with W.R. pos. Degres of reaction with W.R. 0 


0—9 n k «dees ( Ocells ve 508 
10—19 ` at 38 a Pee: go eae 86 
ee -no (l4 n hi 


20—49 © .. 4 ce ass 26 


50—99 ke O S 4400 es 6 


soo—499 .. 2 -. © 4400 1 (476 cells) 
500—999 .. g ix -43800 ve 0 
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, This table shows that in 509 cases without pleocytosis‘only one 
was observed with s-positive.Wassermann reaction. That is to say, it is 
very uncommon to observe a positive reaction when there are no cells. 
This rule does not of course apply when dealing with ordinary cases 
of’ cerebrospinal syphilis, when they have been subjected to extensive | 
treatment; but practically | ‘none of our cases had been so treated with 
the exception ‘of this single instance in Division 5. 


Case 88.—Infected 1907. Original symptoms and treatment not recorded. 
On November 9, 1917, admitted to hospital on account of a positive Wasser- 
mann reaction. General adenitis (old fibrous type) and soars of ulcers on both 
legs. Between November, 1917, and January, 1918, he received 2°7 grm. 
“914.” On April 15, 1918, readmitted with bilateral eighth- -herve deafness ; 
0 L, W.R. 4/4- -. l 


Among thirty-nine cases with a dig degree of pleocytosis (ten to' 
nineteen cells) three were found with a positive Wassermann reaction. 
One of these (No. 627) was an old case of syphilis, and two were 
probably’ old cases in the latent stage. 

As the number of cells in the cerebrospinal fluid increases so do 
positive Wassermann reactions become more frequent. When there 
are over 200 cells per cubic millimetre a positive reaction appears 
to be almost constant. In ‘thirteen instances only one had a negative 
reaction.. ' ` ‘ 


Case 1185,—Infected end of December, 1917. Examination May 4, 1918: 
Scars of multiple indurated small ulcers in coronal sulcus and on under 
surface of prepuce; S. pallida not found twice, but local antiseptics had been 
applied; general adenitis; gonorrhwa; 476 L., W.R. 3/0000, N. normal, B. 
normal, O. abnormal (vide P- 285), S. normal. One week later the Wassermann 
reaction in the serum was negative. 4 


This case has been classed in Division 2, primary syphilis with ‘a 
positive Wassermann reaction; but it is impossible to say whether this 
classification is -correct, owing to the fatal practice of applying local 
antiseptics before spirochwtes have been, looked for. 

It is clear from these results that positive reactiotis become - -more 
frequent as the number of cells increase. While only one in 509 is 
positive when there are between 0 and 9 cells, three-out of three are 
positive when there are 1,000 cells.» ` 

. (F) The occurrence of S. pallida in the cerebrospinal fluid.—In order 
to obtain final proof that the abnormalities of the cerebrospinal finid 


id ! Vide p. 277 for discussion of these two cases, Nos. 1180 and 1281. ‘ 


{ 


INVOLVEMENT OF THE CENTRAL NERVOUS SYSTEM IN SYPHILIS 281 ' 


were due to syphilis, several with the highest cell counts were examined 
for S. pallida. Thirteen of these’ contained over 200 cells per cubic 
millimetre, and the following technique was used: The 2 c.c. of fluid 
was placed in a small sterile glass ‘tube, having a test tube end and a 
diameter of 1 cm. This was centrifuged at high speed for fifteen 
minutes. The fluid was then gently poured off, to be kept for a 
Wassermann test, leaving a deposit sticking to the bottom. Keeping 
the mouth ofthe tube downwards, the deposit was taken up in a 
capillary pipette with a rubber teat attached and placed under a cover- 
slip on a glass slide. It was then examined by dark-ground illumination. 
‘Fifteen cases were examined, in every instance within three hours after 
lumbar puncture, and in one only was S. pallida found. This man 
(Case 548, pp. 281 and 293) was infected twenty weeks previously, and 
had 1,000 cells in the cerebrospinal fluid. 


(2) The Results of the Examination of the Motor and Sensory 
Functions of the Central Nervous System. ` 


The number of cases which showed clinical evidence of abnormality 
of the central nervous system may conveniently be summarized by the 
following table :— 


$è 


Number of Number of Number of cases Number Number of 
Divunon cases with Cates mth clinical evı- of cases cases with 
< o , abnormal examined dance of disease with ehinteal 
disease OBE.” neurologically m the 0.N.8. symptoms signs 
1 r, 2 2 R 0 PE — — ' 
2 15 11 0 — — 
8 18 15 1 1 0 
4 25 y 28 7 6 2 
5 15 S 12 oe 5 4 8 
6 41. ae 88 . 10 9 8 


The details of the abnormalities detected in every case are as 
follows :— ù . 
Division 3. 
Case 1230.—Dizziness for ten days. 
Division 4. 

Case 189.—Oomplained of weakness in his legs after walking. 

Case 548.—For one month he had noticed:that sometimes he was dizzy for 
a few moments after rising from a chair. He had been doing full duty in his 
ship until he came to hospital on account of his rash. He had no other 
. symptoms, but his cerebrospinal fluid contained 1,000 cells per cubic 
millimetre: 

Case 565.—For two months he had headaches and occasional giddiness 
after stooping down. 


. 
z 


st 
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Case 560.—Weakness of facial muscles on left side. 
Case 968,—Insomnia, nocturnal. headache, vertigo. ; 
Case 1056.—Complete bilateral paralysis of facial muscles. Weakness of 

the left external rectus muscle. 
Case 1098.—Complained of unusual languidness. 


Diviston 5. 
Case 884. —Complained of diplopia for one month. He had ptosis of right 
eyelid. 


- Case 607. —Oomplained of headaches. - : 
Case 840.—He had had spells of dizziness, during which ie would have to 


~ support himself for a few moments ; ankle-jerks absent. 


Case 956. —Had diffičulty in swallowing both fluids and solids for three 
months prior to entry. The throat was normal, and the symptoms disappeared 
completely after treatment. , 

Case 1071.—Paralysis of facial muscles on left side. Diminished 
sensation over area supplied by: the fifth cranial nerve on the left side. 

. Division 6. 

Case 125.—He complained of headaches and was very sleepy during the 
day. He easily got tired. 

Case 627.—Headaches for three months before admission to héspital. 

Case 758.—He had felt “ drowsy ” (the reason he reported sick) during the 
past six months. 

Case 767.—For one year he had loss of memory, inabiltey to, concentrate, - 
and was easily worried. ‘ 

Case 825.—One year ee admission he had Se er of the arms. On 
exañinstion he had weakness of facial muscles on the left side. 

Case 1064.—For four months has had frontal headaches and insomnia. 
Memory for recent events was poor. 

. Oase 1084.—He complained of insomnia. 

Case 1187.—For the past nine months he had attacks of unconsciousness 
and of severe vertigo lasting for several minutes. 

Oase 1141.—He complained of deafness for “ women’s voices.” 

Case 1142.—He complained of defective vision and diplopia. He had 
paralysis of left external rectus muscle. 


‘The central nervous systerh was also examined in twenty-two cases 
in which the cerebrospinal fluid contained from 6 to 9 cells per cubic 
millimetre—i.e., “ doubtful” cases. - These included cases from each of 
the six divisions. In only one (Case 771, Division 3) was any 
abnormality found. nat = 


Case 771.—Infected Deqember 18, 1917. Examined March 7, 1918: 
Balanftis: acquired phimosis; subpreputial sores; general adenitis; lenti- 


t 
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cular syphilide ; 8 L, W.R. 4/0, N. normal B. normal, o. not examined, $. 


occipital headache for nine days. 


(8) The Results of the Wenantnccitbi of the Function of the 


Internal Ears. 


The results of these examinations may be summarized as follows :— 


" 


TABLE SHOWING THE NUMBER or OASES WITH ABNORMALITIES OF THE INTERNAL EARS. 
(Dornmsuzp Bong Conpvorion.} 








Number of 
with cases with 






function - diminished 
abnormal 













Number of Number of 


cages with eases with 
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interne] ear | bone conduction | bone conduction | bone conduction 


diminished diminish 


on ght sde only | on left side only on both aides 
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wmon | 
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Of nineteen “doubtful” cases whose ears were examined six were 
found to be abnormal. Of these, two were in Division 2, and one in 
each of the other divisions, excepting Division 5. Thus, taking “positive” 
and “doubtful” cases together, thirty-six were found to be abnormal out 


of ninety-eight (86 per cent.). 


As already stated, however, we determined to carry out a series of 
control examinations before drawing conclusions from’ these results. 
We first examined fifty men who stated that they had never had 
syphilis, showed no signs of syphilis, and gave a negative Wassermann 
` reaction. Of these no less than fifteen showed diminished bone 
conduction, that is to’ say, @ proportion practically as high as among 
the syphilitics. In six of these cases the abnormality was to be 
accounted for by gun fire, but ane the others no sufficient cause 


was apparent. - 


We also examined fifty syphilitics with! normal cerebrospinal fluids, 
and, twenty-nine of, these were found to have diminished bone con- 
duction. Gun fire was probably responsible for the lesion in thirteen of 


the cases. 
In view of the „large number of “ positives” 


among the controls, 


therefore, we are not prepared to lay much stress upon the value of this 


test and have now discontinued it. . 
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(4) The Results of the Examination of the Eyes. 


The following table shows the degree of abnormality met with - 


during the ophthalmological examinations :— 


TABLE SHOWING THE NUMBER OF OASES WITH ABNORMALITIES OF THE EYES. 


Number of Number of cases Number of 
Division cases with” whose eyes were oases with 
P abnormal 9.8 F. , examined abnormal eyes 
1 2 0 a m 
2 15 8 8 r 
8 18 8 5 
4 25 18 9 
5 15 were T ke 6 
6 41 re 22 a 17 


No examination of the eyes was made in cases whose cerebrospinal 
fluid -showed “ doubtful ” cells. 

Staff-Surgeon Hanson has been able to recognize. a number of 
extremely slight but none the less perfectly definite abnormalities in 
the eye grounds, which probably represent the same condition as that 


‘which Zaloziecki and Friihwald noticed and did not recognize „when 


they called it a “‘ pseudoneuritis.” Staff-Surgeon Hanson looks upon 
these abnormalities as representing . early stages in the development of | 
the syphilitic choroidal endarteritis and retinitis which is well known in’ 
later stages of the disease. 

These early ocular changes contrast with licu found i in later stages 
with sectorial or insular scotomata the résult of postchoroido-retinitic 
atrophy. 


NOTES UPON THE OCULAR CONDITIONS, BY STAFF-BSURGEON R, J. E. 
Hanson, R.N.V.R. 


“ Retinitis ex Lue” (Early Stage). © 


` Typical stgns—The conditions vary in their intensity, but three 


types of signs in the fundus oculi were noted :— 
(1) Hyperemia.—The retinal venules especially were over-full, 
. (2) Engorgement. Enlargement and cloudy appearance of she peri- 


i lymph. spaces around the retinal vessels and around the papilla. 


(Liuetic halo.) 

(8) Pigment overgrowth and disturbance of the retina.—Small 
rounded woolly-looking opacities with fine spidery connective” tissue 
changes, without apparent upset to the functions of the rods and cones. 

In relation to No. 2 above, it is interesting to recall that there are 
physical and chemical changes in the cerebrospinal fluid, and that this is 


+ 
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intimately soaneaved with the sebarehnta contents, and these last 
with the retinal lymph-streams. 
' With regard to No. 8 above, one recalls the extensive pigmentation 

changes in the skin lesions of the secondary stage. 5 

Summary. —There was little evidence of interference with function— 
i.e., with fields, form-sense, light difference, and colour thresholds. No 
alterations in the fundus oculi were observed in the cases seen shortly 
after the appearance of the inoculation lesion. In the later cases the 
-changes in the fundus oculi were :— ' 

(1) Symmetrical. 

(2) Mainly peripheral. 

(3) Diffuse and not circumscribed—i.e., not more marked nor intense 
at one part of the periphery than another. ` 

No hyalitis nor choroiditis was observed but an' underlying condition 
of choroidal endarteritis may ba present in these cases of stippling of 
the fundus oculi. 

The detailed reports of the examination of the eyes by iets Nia 
" Hanson are given below :— 


` 


Division 1. 

None examined. A 

, Division 2. 

Case 518.—Optic discs, no papillary oedema. Vessels of right and left are 
more distended than normal but not tortuous. Superficial fibres of retina at 
edge of diso are greyer than usual and less distinct .(? increased tension’ in 
subarachnoid fluid). No hyalitis. Nothing speéific in arterioles of retina. 

Case 986.—-(A reinfection oe: He had syphilis two years previously and 
had been cured.) Right vision 2, D. 0'5. Left vision, less than $, D. 0'5. 
Slight hypermetropia. Orthophoria. No opacities in media. Fundi: Right 
eye: disc, fovea and vessels normal, but there are some streaks of greyish-white 
“ appearance between the superior retinal vessels which are not of recent origin. 
, These streaks after a short separate course toward the right disc appear to 
coalesce at about 14 disc diameters from the disc. In right fundus also there 
are & few tiny areas of fatty degeneration about 0'5 mm. in diameter, 
approximately round. The retinal vessels are certainly not “ plus.” 
Immediately and completely and regularly around the right disc the retinal 
pigment is deficient over.a zone 0°5 mm. wide. Left eye: disc, fovea and 
arterioles are pormal. Venules are “ plus.” The grey streaks of right eye are 
here less obvious but still recognizable. ; 

Case 1135.—Right vision $. Left vision $. Media clear. Fundi: 
` Considerable pigmentation in excess in retina at periphery of right and left 
discs. The deeper portion of the retina shows tiny pale rounded areas 
(atippling). _There is also an unusual amount gf perivascular halo right 
and left. ° 


ee 


Cups clear at depth. 


` 
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. Division 3. f 
Case 593.—No hyalitis. -Discs right and left are a little hyperæmic and’ 
the surrounding retina is greyish in aspect. There is a trace left of peri- 
vascular lymph excess. No papillary. edema 

Case 645.—There is retinal hypersmia on the arterial side. . Venules are 
normal. Discs and foveæ are normal. 

Case 856.—Right vision $. Left vision &. Srono: All details of 
discs are clearly. seen, but there is some blurring at their temporal edges and 
in ‘the adjacent superfigial layer of the retina right and left. No general 
stippling. Vessels normal and symmetrical in size and contour. 

Case 1119.—Right vision $. Left vision $. D. 0'5. Colour perception 
normal. Fields normal. Orthophoria. Media and vitreous :' clear right and 
left. Fundi: venules “plus.” No enlargement of perivascular lymph sheaths 
noticeable. Stippling of right and left retina, especially i in the periphery. 

Case 1258.—Right v on $. Left vision 3. Blurring of nasal disce margin. 
o other changes noticed. 


Division 4. 


Case 139. Right disc : Tower nasal’ margin of disc is. a little blurred. 
Stippling and. pigment disturbances of retina are present opposite this ares. 
Vessels appear normal. Left 57e: Pronounced physiological cup. 7 

Case 251.—Right vision $. Left vision % Media normal. ‘Fundi: All 
details of disces clear. Following the arterioles and venules in their course 


‘there are areas in which their outlines beconie less: clearly seen. There is- 


stippling of the retins, and gmall pale cloudy areas in the deeper layers of right 
and left retinss towards the periphery, of recent origin. . 
Case 655.—Some thickening of perivascular lymph sheaths of retinal vessels 


(right and left). Slight blurring of disc margin but no papillary cedema. 


Case 560.—Left disc pale. Venules and perivascular-lymph sheaths “ plus.” 
Right disc margin blurred ; vessels over-full; perivascular lymph sheaths 


t plus.” 


Case 596:—Right v vision 5 Left vision §. - Petivasdalas lymph spaces and 
venules “plus.” Details of margins of right and left discs are not distinct. 
A clearing-up neuritis. 
` Case 598. —Right vision $. Left vision §. Discs right and left are hyper- 

semic; venules dilated and perivascular lymph sheaths near the discard a little 
more pronounced than‘normal. No papillary oedema. 

Case 690.—An unusual condition., Increased fulness and width of peri- 
vascular lymph sheaths of “vessels. i 

Case 990.—Right. vision $. Left vision 3. There is an increase in the 
‘perivascular lymph’ sheaths -in right and- left fandi. Nothing otherwise 
abnormal to be seen. : 

Case 1056.—Right vision ¢ ©: Left vision 3. Commencing stippling of right 
and left fundi peripherally, Veins a little ‘ ‘plus ” and tortuous. No eas 
ees No blurring of disc margin. 
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Division 5. 


Case 884.—Right vision 75. Left vision 1ẹ. Hypermetropic astigmatism. 
‘With glasses: right vision §; left vision $. At extreme peripheries are to be 
seen post-retinitic changes in the deep retinal layers. Otherwise nothing 
‘abnormal detested. 

Oase 607.—RBight vision 4. Left vision $. Venules of right and left fundi 
are over-distended. 

Case '652.—Righé vision $. Left vision $. Stippling of left fundus near 
the papilla. Venules and lymph channels are “plus” in area immediately 
around the left papilla. Right eye? Nothing abnormal détected. 

Case 840.—Blurring of details of elements of dises right and left. Left: 
stippling and thinning of choroido-retinal coat at temporal margins of disc. 
Venules and retina otherwise normal. ` 

Case, 1061.—-Media, clear. Fundi: Some halo about the retinal area around 
the discs, vessels otherwise normal (? luetic halo). #dévea normal; fields 
normal, . 

Case 1274.—Distinot evidence of retinitis. Details of papille margins a 
little obscured. ; ' 


Division 6. 


* Case 520. Venue plus ” in left fundus. ` 

Case 619.— White area in left disc extending half way around the marginal 
zone. Some fulness of perivascular lymph sheaths. Nothing else abnormal 
in fundi. Nineteen weeks later no change in ‘fundi. 

Case 792.—Vitreous, normal right and left. Both dises are a little 
hypersemic, and their margins a little blurred with pigment disturbance in 
the deep layers of the retina. Venules: right normal i in size, left ‘‘ plus.” No 
exudate; no papillary edema; no stippling. 

_ Case 829.—Fundi.are both dark. No stippling.. Right: areas of increased 
lymph sheaths, but venules normal. Left: the same, but sclerosis of retinal 
arterioles ; the condition is not however symmetrical in.extent. 


Oase, 989. — Right vision $. Left vision ¢. Musculature and media.. 


nothing abnormal detected. Right and left fovem, papille and fundi, central 
and peripheral are normal. The superior retinal arterioles are tortuous and 
there is over-fulness of lymph sheaths round these vessels. 

Case 1090,—Right vision $. Left vision $. Media normal. Fields and 
colour perception are normal. Fundi: discs normal but probably pale in 
contrast to the man’s colouf scheme represented ‘in the eyes by deep pigmenta- 
tion of retina and choroid. There is abnormal size and distribution of peri- 
vascular lymph sheaths and there are a few stipplings and rounded cloudy 
areas in the deeper layers of the retina, especially in the right eye, about 
four disc diameters in, the first fork of the superior (retinal) temporal 
arterioles. 

Oase 1082. —Right vision $. Left vision $. Ther’ is some indistinctnegs 
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about the nasal edge of left disc and the surrounding choroid. Venules are 
“plus”; otherwise nothing abnormal detected. 

Case 1059. -— (A reinfection case, haying had syphilis three years 
previously.) Right vision §. „Left vision $. Both papilla are abnormal, 
especially the right, which shows traces of old papillitis not of recent origin. 
The vessels of the retina have an abnormal increase of perivascular ‘lymph 
sheaths which is recent. Scattered over right and left fundi are tiny masses _ 
of pigment in the deeper layers of the veiii and in places a few ' dots of fatty 
-degeneration. - 

Case 1064.—-Retinal s are hyperemic. Blurring of edges of diges. 

Case 1084.—Details of both discs quite clear, but there is a halo in the 
retina around the discs, especially the right, probably indicative.of old-standing 
changes in the lymph paths. A few of the arterioles also have this halo-like 
area, especially ‘in the periphery. Some pigment ¢ell degeneration in the 
` retina bat no marked stippling, choroiditic or post-choroido-retinitic atrophy. . 
` Case 1142.—Chronic chovoido-retinitis. 

Gase 1177.— Right vision #;.° Left vision $. Amblyopia and hyper- 
metropic astigmatism. Musculature normal. Media, normal. Fundi, stippling ; 
no inorease of perivascular lymph sheaths; venules, “plus.” 

Case 1186.—Right vision %. Left vision $. Both retin irperminié and 
venules‘ ‘ plus.” Outlines of disc margins blurred, but details clear at Senbneet 
optic cups right and left. No peripheral retinitis. 

` Case 1281.— Right vision $. Left vision § Media clea. There is. 
some’ blurring of details at depth of right papilla; venules are “ plus,” but 
there is no exudate nor increase in perivascular lymph sheaths. Details of 
left papilla are almost undimmed, venules are “ plus.” ' 

Case 1801— Right vision $. Left vision $. Media clear. Papillæ dotails 
clear. Finest twigs of arterioles show increased perivascular sheaths. Stip- 
plng of ‘retina, especially in periphery right and left. 1 f 

Oase 1803.—Right vision %. Left vision $. Media, clear. Outlines of 
papilla are seen distinctly except in right eye, where thére is some exudate 
' -along the larger arterioles in the neighbourhood of ‘papilla; venules not 
enlarged. Left fundus: one small patch of exudate above. 

Case 1829.—Media, clear. Papills, normal. Stippling of'retins. In both 
. fundi there is marked increase in perivascular lymph sheaths. 


(5) A Comparison between the Findings from the EHzamination ‘of the 
Cerebrospinal Fluid, Nervous System, Ears and Eyes. 

For convenience in comparison we append below a table of all’ 

abnormal cases in which at least one of the special examinations has 


' ` Peen carried out. ‘A list of ‘all the cases described in detail is given on 
R 800, eee 


TABLE sHOWING THE VARIOUS FINDINGS IN EVERY Case WITH AN ABNORMAL ORREBRO- 
SPINAL FLUM In WHIOH tHE Nuavous BYSTEN, EARS OR EYES WERB EXAMINED. 


Division 1. 































Time between | Cells'per cubic Symptoms 
No infeotion and mllinetes in moar ONS. Byes 
examination QB. F. PONS dissase 
S45 9 weeks 16 0 
1941 Bea 10 0 = 
Division 2. 
518 14 weeks 84 2000 — — — P 
519 9 4. 11 0 0 0 = Eas 
838 |. 17 y 12 0 0, 0 0 = 
897; ' 6 ,, 10 0 0 0 0 = 
936 3 4, 10 0 0 0 P — 
94T 8 .,, 14 ? 0 0 P — 
986] * 9 ,, 186 0000 0 0 0 P 
1008 | ! 2 ,„ 10 0 0 0 0 — 
1009 4 ,, 86 0 0 0 o't — 
- 1090 20 y ‘oid 0 0 0 0 — 
1185 | ! 20 ,, 476 0000 0 0 0 P 
1168} : 23 ,, 10 0 i 0 0 0 — 
_ Division 8. 
598 | 11 weeks 742 4800 0 0 — P, 
C45 3. cis 10 0 0 0 P P 
678 6. 82 8000 == = — 0 
734 9 -y 57 0 0 0 — Q: 
765) 10 ,, 24 0 0 0 P ae 
70 |’ 10 ,, 14 0" 0 0 o | — 
B21 ts 10 0 0 0 P = 
881|) i ,, ' 10 0 o 0 0 a 
856 A i 50 0 0 0 0 P 
874 8 |; 98 0 0 0 a ee: 
1035 6 y 15 0 0 0 0 oO 
1119 9 22 0 — — — P 
1196 6 aj 28 0 0 0 0 — 
1214 8 sis 10 0 Q 0 0 — 
1280 B> 4; , 16 o P 0 P = 
1258 By 36 4--- 0 0 0 P 
Division 4 
189} 18 weeks 254 4- P 0 0 P 
251 VY. C«, 862 4400 0 ' 0 P P 
548 |, 22, + 1000 4400 P 0 eae 0 
655 | 2 ,, 894 4000 P i 0 S P 
560} 16 , 884 4100 0 P P P 
5988| 14 ,, 10 0. i = P P 
598 15 p, 26 0 0 0 — P 
690| 19 °, 28 0 0 0 P P 
732| 16 , 48 0 0 0 = = 
744 16 ,, 50 4--- `O 0 P — 
780 18, , 14 0 o 0 — 
788| 18 ,, 23 f 0 = 
842 18 , a1 nae 0 0 0 - z 
847 lt po 12 0 0 0 0 = 
870| 14 ,, 22 0 0 0 0 = 
958| 20 ,, 78 0 P 0 0 0 
995 | 4 ,, 22 0000 0 0 en = 
990 22 o, 80 0000 0 0 0 P 
1017| 21 ,, 44 0000 _ 0 0 P 0 
1021| 20 ,, 12 0 0, 0 0, = 
1056 | 22 ,, 56 4400 P, „P P P 
1082 | 22 „` 10 , 0 0 0 0 —e 
1098 | R ,, 140 1000 P 0 0 ra 
1381 ? B4 6 0 0 . 0 0 
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TABLE SHOWING THE VARIOUS FInpinas—coniintued. - 2 






































Diviston 5. \ i 
me per cubi 8 toms | Olintcal a - 
Oaie aero aad aliases i Warana, of ON NB of ceeded Ears Eyes 
ore examination O.8.F. , . disease disease j 
ne et A 
88 11 years ’ 0 -4--- — — P — 
884 ee 144 4400' P P 0 ' P 
607 (4h, 88 `o aR 0 _ P 
652 80 weeks 72 4400 0 0° _ P 
726 Denied 68 4400 0 0, — ae 
T81 | T months i: 0^ o oo 0 | = 
840 25 years 42 0 P Pa 0 P. 
878 15 months 20 - 0 0 0; P "— 
980| 18 , 29 0 0 0; 0 vas 
956 | 22 years 10 o P 0 0 = 
1081 |’ 10° ,, 32 0 0 0! 0 'P 
1071 7 months 164 0000 — pa P — 
1274 15 years 200 4400 0 0 P P 
Division 8 
125 24 years 1500 d--- P 0. - — — 
Q76 |. 7 4, T4 44-- 0 0 0 
279 11 months 26 1000 0 0 0 — 
520 2 years 107 4440 0 0. P P 
819 ” 9' months 156 4400 0 _ 0 P P 
620 5 years 128 4400 0 0 ~ — 
627 in 14 4--- P 0 . P 0 
664 21 months TI 0 0 0 0 rod 
695 14 years 48 ? 0 0 — 1— 
705 9 months 88 4--- 0 0 — — 
713 I-ga 28 Tube broken 0 om _ 
758 14, 184 0000 P o _ _ 
767 5 years 182 0 P 0 P — 
792 -2$ s 880 `4440 ' 0 0 - ? P 
825 b ,, 26 0 P P — — 
g29|° 4 ,, 98 4400 0 0 P P 
907 24 33 i 50 4 0 4 o 0 (0) © — 
„96T 18 months * 10 -0 -0 0 0 — 
969 ? » 88 4--- 0 0 0 P 
1020 14 months 50 4000 0 O° 0 P 
1081 52 4100 0 0 P 0 
1082 22 0 0 0 0 : P 
1059 42 4400 0 0 0 P’ 
1064 16 0 P ~ 0 P 
1084 170 4400 P 0 P P 
1180 18 a--- 0 0 o — 
1187 92 4400 — P _ — 
1141 104 4440 P 0 P 0 
1142 100 4400 E P — P 
1164 1100 4410 (a) 0 P 0 
1177 182 4400 G 0 o P 
1186 226 4444 — — m P 
1188 208 4000 0 0 P 0 
1281 121 4--- 0 0 0 P 
1801 2 years 20 „0 ` 0 0 P P 
1808 | | 17 months 184 4400 0 , 0 P P 
1822 0 0 P |'P 
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_ TABLÐ SHOWING THE FINDINGS IN ALD “ DOUBTFUL” (ASES WHIOH WERB EXAMINED. 




























Ti between | Cells b 8 Olintcal ai 
Gass infeotion and | millimetre in. ONS, | Or ONS Eyes 
` examination O.S.F. disease disease 
Division 2 j 
888 11 weeks 8 | 0. 0 0 — — 
935] \8 ,, 9 0 0 0 0 te 
1018 9 oy 6 -0 0 0 P z 
, 1014 16 5 0 0 0 0 — 
1157 10 , 8 0 0 0 0 — 
1261 6, 8 0 0 0 P _ 
Diviston 8 
TTL 11 weeks 8 0 P 0 0 — 
827 i , 6 0 0 0 0 —_ 
1048 U 6 0 0 0 0 — 
1288 9 y 8 > 0 0 0 P — 
Division 4. 
885 24 weeks 8 5 0 0 0 0 — 
590 33 y 8 0 0 0 — — 
1j 17 8 0 0 ‘o — — 
984 I4 6 0 0 0 0 = 
1007 4 sy, 6 0 0 0 0 — 
Division 5 A 
985 10 months 6 | 0 0 | 0 6 —_ 
1297 44 years ~ 8 0 | 0 0 P — 
Division 6 ` 
860 6 years 9 0 a 0 0 0 _ 
1175 7 months 8 +e 0 0 0 0 ~= 
1290 2l y & 0 0 0 P — 








V.—Tse Errect OF TREATMENT UPON THE ABNORMALITIES IN THE 
CENTRAL NERVOUS SYSTEM. 


In fifty-four of the cases which exhibited ‘‘ doubtful” or “ certain” 
abnormalities in the central nervous system we have been able to repeat 
the examination of the cerebrospinal fluid on at least one occasion and 
sometimes mote often. All had, of course, received treatment, but it 
must not necessarily be assumed that any change in the cerebrospinal 
fluid which is detected is consequent upon such treatment. The 
abnormalities in the nervous system are so much more common in 
the early stages of syphilis than are definite nervous manifestations” 
in the later stages, that it must be admitted that many of the original 
abnormalities clear up more or less spontaneously. : s 


tė 


’ 
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s ' $ . 
TABLE SHOWING THE DETAILS oF OASES IN WHIOH THE OBREBROSPINAL Fur was © 
RE-EXAMINED AFTER TREATMENT. 







Wi 
re-examination of cells B 





8-6 grm, “914” 














8 ; 0 0 |: Division 1 
2°55 a » 7 i 4 0 4 
255 4, 4, 6 0 0 | Division 2 
2°05 379) ” 12 0 0 : 
IT. a Ds 12 24 0000 
27 ” 3 5 2 0 
46, 3 5 20 0 } Division, 8 
O75 ,; X 9 2 0 je 
27 ; i 7 4 0 
Dn 14 4 0 
IT a 8 28 0 
IT y yr 18 12 0 
2:55 ,, 4 8 5 0 
2 7 33 2 8 20 0 
DT p on 6 6 0 
27 3? os 10 0 0 
IT e a 8 14 8000 | Division 4 
27 Pa bay 8 * 6 0 i ` 
4'5 ” ” 10 42 r 0 4 
DT cs i 28 8 . 0 
45 u os 6 16 0 g 
345 n s 5 70 Q 
27 ” ” 8 a ' 0 
27 3? +} 7 2 0 
27 » H $} 8 f 8 0 
22 2 0 
27 3? °° 9 2 0 
17 9. 0000 
1056 290 4-- 295 ,, Galyl 4 56 ‘4400 
48 ,, “914” 10 22 4100. 
884 144 4400 36 p y 5 88 4400 | Divizion 6 
105 p ” 14 . 20 -Q-- CS 
21 28 4000 
607 88 0 aT npo 6 , 10 0 
OTS no M, 10 0000 
726| 66 | 4400 T po 7 10 4400 
12 10 ` 4400 
840 42 0 265 p p- 10 8 0 
94 6 0000 
876 5 0 4 yy, 6 0 0 
927 16 0 445 4, 5 8 0 
956 10 o f 265 7S 9 12° 0 
1274 200 4400 RNI. aia y 6 28 0. 
1278 8 0 f 255, v 18 8 0- 
125 | 1600 4--- |18 and ' 
ú 065 ,, “606” 56 18' cts Division 6 
3°45 ,, “914” 96 10 4800 j i 
276 74 4400 27 4000 
520 107 4440 4°5 
619| 186 | 4400 | 3-3 
620 | » 128 4400 2°25 
627 . i4 4... 2:7 
e 664 11 o | °a7 
705 88 4.- a7 
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TABLE SHOWING THE DETAILS OF Oages—continued, 











Interval , 


wy } 
weaks)"! 
P Caro —_.—~ }. Treatment between toten rat 
Nb, Nut Wanaer- ' examinations treatment and’ 


re-examination 











7 4000 8'8 grm, “914” 
8'8 a3 ” 
0 18 LEI ” Ei ~ 
* 0 B16 -,, n 
4440 27 ~~, yì 
0 27 ” ” 
4--- 27 ” > 
1s 44-- a7 By ths 
4400 Be ao on ; 
' 4440 AE E y ' 28 
4410 . £65 i5 ” s 30 
' pre 10 0 8000 
1177 4400 7 “8 4000 } 
SET ak ox 1383 | 4 0000 
’ ' R n 
2t ` ; ‘ 
a ~ Doubtful Cases. 


* Eight cases were examined with negative Wassermann reactions 
in the cerëbrospinal fluids, but with cells numbering 5 to 9 per cubic 
millimetre inclusive. Of these, ‘four became quite normal after treat- 
ment ; ‘three remained donbtful, while one (No. 1043 in Division 3) 
i actually became definitely., abnormal. ae 

Case 1043.—Infected January 28, 1918. Examined April 17, 1918: 
Acquired phimosis, balanitis, subpreputial sores, marked general adenitis, 
papular syphilide; S. palleda found in penile sores, April 14, 1918; 6 L, 
W.R. 4/0, N.-nornial, B. abnormal, O. not examined, S. normal. He had 
six doses' of 0°45 grm. “914” at intervals of three days from April’ 18 to 
May 7, T948. Re-examined on June 13, 1918: 20 L., W.R. 0/0. 


It is of interest to note that the disease in the general system Was 


retrogressive as evidenced by the negative reaction ın the serum, while 
the disease ın the'central nervous system was progressive. 


Positive Cases. 

Among the positive cases thirteen became quite normal. Most of 
these were only slightly affected at the beginning, but others had 
pronounced abnormalities; thus :— 

Case 648.—Infected during the first week in September, 1917. Examined 


January 81, 1918: Scar‘ of indurated sore in coronal sulcus; marked general , 


adenitis ; folliculo-papular sy philide ; 940 L. +60 P., "W.R. 4/4400, N. norntal, 


294 . ORIGINAL ARTICLES AND CLINICAL CASES 


B. not examined, O. normal, S. positive (vide p. 281). Between January 31 and 
February 28, 1918; treated with 4'5 grm. “ 914” in nine doses. Re-examined 


.on March 8: 42 L., W.R. -/0., From March 8 to March 18, 1918, given 


2°7 grm. “914” in three doses. Re-examined June 4: 3L, W.R. 0/0. On > 
January 31, 1918, S. pallida was found in the cerebrospinal fluid (vide p. 281). ~ 
Oase 1177.-Infected in May, 1916. Had & sore on penis, treated with 
mercury injections for three months. Examined on May 7, 1918: Scars on 
glans, 182L., W.R. 4/4400; N. normal, 8. normal, O.. abnormal (vide p. 288) 
S. none. From May 8 to May 28 treated with 2'7 grm. “914” in six doses. 
Re-examined June 27, 1918: 8 L., W.R. -/4000. Again ré-examined on 
August 8, 1918: 4 L., W.R. 4/0000. ; - 


The majority of the positive cases showed after treatment a marked 


diminution of the abnormal signs, although during the penisa of 
observation they had not become entirely normal. 


Case 560.— Infected in ‘Ootober, 1917. Biamined March 2, 1918 : Scar.of 
sore at frænum : general adenitis; mucous patches on tonsils and in mouth ; 
condylomata ani; 884 L., W.R. 4/4100, N. abnormal (vide p. 282), B. abnormal, 


O. abnormal (vide p. 286), S. none. Treated with ten doses of * "914," amounting _ 


to 4°95 grm., from egal 2 to March ‘22, 1918. On March 9: 70 L., 
W.R. 0/0. . 

Case 619.~-Ipfected in May, 1917. Originally had a sore on the penis. 
No treatment. Examined on. February 9, 1918: Gonorrhma; general adenitis ; 
156 L., W.R. 4/4400, N. normal, B. abnormal, O. abnormal (vide p. 287), S. none. 
Treated with, seven doses of “ 914,” comprising 3°83 grm. from February 9 to 
March 3, 1918. On June 18: 12 L., W.R. 4/4000. No change in the eye 
condition. 

Case 792.—Infected in September, 1918. Had a sore on the scrotum and 
a secondary rash. In December and January, 1916-17, he was treated with 
165 grm. of “914” and twenty-three injections of mercury. The W.R. was 
positive and became negative in March. In September, 1917, the W.R. 
relapsed and was also found positive: in December, 1917. Examined on 
March 18, 1918: Scar of sore on scrotum; general adenitis; 880 L., 
W.R. 4/4440, N. normal, B. ?, O. abnormal (vide p. 287), S. none. Treated 
with 2°7 grm. “914” in six doses between March 13 and March 28. On 
May 9: 70 L., W.R. -/4400. Again treated with 2'7 grm. “ 914. a 


Three of -the positive cases showed a definite increase in the 
abnormal signs after treatment :— . 


Case 1090.—Infested November, 1917. Said-to have had a sore on the 
glans in January, 1918. Examined April 27, 1918: No scar: slight general 
adenitis, 14 L., W.R.. 4/0, N. normal, B. normal, O. not examined, 8. none. 
Treated with six doses of 0°45 grm. “914” between April 27 and May 18. 
OneJuly 80, 1918: L. 24, W.R. 4/0. a 


/ 
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Case 705.—Infected on April 6, 1917. Examined on- April 25, 1917: Sore 


on glans; S. pallida positive. Treated with 1°65 grm. “914” in three doses > 


from April 28 ‘to May 22, 1917. In December, 1917, W.R. found to be 
positive and also on February 8, 1918. Re-examined on February 14, 1918: 
Multiple erosions on edge of prepuce and in sulcus; S. pallida not found ; 
scars of sores on penis ahd scrotum; marked general adenitis; 88 L., W.R. 
4/4---, N. normal, B. ?, O. not examined, S. none. Treated with’ 2'7 grm. 
“914” in six doses between February 14 and March 1, 1918. Re-examined 
April 8, 1918: 2 L., W.R. -/0. Again re-examined on August 15, 1918: 252 L., 
W.R. 4/4400. ` Treated with 2°65 grm. “914” in three doses between August 


ime 


16 and September 3, 1918. Again re-examined on September 4, 1918: N., B., 


8., not examined, O. positive. 

Case 831.—Infected December 24, 1917. Examined March 18, 1918: 
Acquired phimosis, subpreputial sores; S. pallida not looked for in view of 
local antiseptic applications; balanitis; general adenitis; papulo-squamous 
syphilide; gonorrhea; 10 L., W.R. 4/0, N. normal, B. normal, O. not 
examined, S. none. Treated with 2'7 grm. “914 ”,in six doses between March 
14 and March 29, 1918. Re-examined May 10, 1918: 28 L., W.R. -/0. 
Treated with 2'7 grm. “914” in four doses between May 11 and May 26. 
Again re-examined'on June 13; 1918: 12 L., W.R. 0/0. On.September 13, 
1918, he was recalled because the Wassermann reaction in the serum had 
become positive: On September 18, 1918: 262 L., W.R. 4/4400. No active 
lesions of ‘syphilis apparent; N. normal, B. slightly diminished on both sides, 
O. not examined, 8. none. He was given further treatment. ` 


. With regard to these three cases it will be seer that Case 1090 
shows a continuation of the pathological process in the central nervous 
system in spite of treatment and a continuation of the positive 
Wassermann reaction in the serum. Case 705 is a case of early 
primary syphilis somewhat insufficiently treated. He was found later 
to have a positive Wassermann reaction in the serum and cerebrospinal 


fluid and numerous erosions on the penis. In view of the negative’ 


spirochæte test and the signs generally, it is probable that this indicates 
a relapse rather than è reinfection: The disease diminished on further 
treatment, but again relapsed more strongly and the man was then 
found to have a lesion of the, eye. Case 831 illustrates a progression 
of the pathological process in spite of treatment, which later partially 
cleared up, and then relapsed’to a much more abnormal condition than 
at the outset. ap 
Negative Cases. 

Cases which showed no abnormality at the first examination were 
not recalled, and therefore we have no evidence that such cases may 
develop 'a lesion of the central nervous system after treatment. We 


t 
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have not; yet. observed! : an. ‘halanos of “nerve jalap" in any case in 


' which the central nervous system was originally found to be normal, 
‘but'such may of course occur later as an ai aa of a general 


relapse. R 
VI.—THeE RELATION OF THE WASSERMANN REACTION IN THE SERUM 
TO THE ConpITIon OF THE CENTRAL NERVOUS, SYSTEM. 


Its ‘is of some practical importance to determine whether :-— 
(1) A negative reaction in the serum: excludes a pathological process 


‘in the central nervous system. 


(2) A persistent positive reaction in the serum indicates a patho- 
logical process in the central nervous system. `“ ' 

(1) This question has to be considered from two ‘different points of 
view, depending upon whether the case is untreated or treated, 

Untreated cases of syphilis show in practically every “instance a 
positive reaction in the serum, except when they are observed in the 
early primary stage.. Therefore the only cases which throw light upon 
the subject under discussion are the Division 1 cases in which the 
reaction’ is negative. There are eleven instances of abnormality in 


` Division 1 in our series. In nine the cases were “doubtful,” while in 


l two (Cases 845 and 1241) they were abnormal, namely, 10 and 16 cells 


per cubic millimetre. ~ 

It may therefore be held that those two cases.of primary syphilis 
with. a negative reaction in. the seram have nevertheless a pathological 
process in the centrhl nervous system. 

With regard. to treated cases, it is and has been well known that 
certain syphilitic lesions of the central nervous system may deyelop as 
a relapse while the serum is still negative. Such lesions are usually 
affections of’ the cranial. nerves. Amnti-syphilitic treatment has un- 
doubtedly a more effective action upor: syphilitic disease in the general 
system, of which the seruth reaction is an indicator, than in the 
cerebrospinal system, and thus spirochetes may be left to relapse in 
the latter when the former has been sterilized. This is undoubtedly 
the explanation of the occurrence of relapses in the central nervous 
system when the serum reaction is negative. aa aes, 

We have observéd two instances of this phenomenon in the’ whole 
of the present series :-— 


Case 907.—Infected igue 4, 1915. He hed gonorrhæa and a sore on 
th8 penis. He was treated with one dose of “606” in October, 1915, 


t 
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followed by ‘Hg pills for six months. - On March 18, 1918, he was given one 


dose of galyl. He was examined by us on March 23, and no lesions were | 


-present except marked general adenitis. 50 L., W.R. 0/0, N. 0, B. 0, O. not 
examined, S. none. He was treated with 2°7 grm. “914” from March 24 


to April 8. On August 23 the Wassermann reaction in the serum was also 
negative. 


This man, thoretoie, had a syphilitic meningitis (50 cells) associated 
with a negative reaction in the gerum. 


Case 1071.—Infected September 1, 1917. Sore on penis which apparently 
remained untreated. It healed up and broke down again in January, 1918. 
S. pallida positive. Treated with 0°75 grm. galyl during January and Feb- 
ruary. Examined by us on-April 20, 1918: Facial paralysis and deafness 
on the left side had developed on April 4; general adenitis ; complete facial 
paralysis and internal ear deafness ; 164 L., W.R. 0/0000, N. abnormal (vide 


p. 282), B. diminished on both sides, right > left, O. not examined, S. (wide 


p. 282). Refused more than four doses of “914” On May 5 the W.R. was 
positive in the serum. i 


This is a typical instance of.a “nerve relapse” associated at first 
with a negative reaction which later became positive. 

Similarly a progressive disease may be present in the central 
nervous system without producing symptoms, while the serum is found 
momentarily negative as the result of treatment. Such an example 
is to be found in Case 1043 described on p. 293. Thus it must be 
admitted that the fact of a negative reaction in the serum does not 
exclude a progressive nervous disease, whether the case has been 
treated or not. Nevertheless it may be said to render the existence 
of such a nervous disease improbable, but, in view of the importance of 
early treatment in such cases, it is doubtful, whether it is justifiable 
to withhold the proof of lumbar puncture in any instance. This is of 
course especially important whenever the central nervous system has 
been shown already to have been affected previously. 

(2) When the Wassermann reaction persists in a positive condition 
beyond the period when it should normally become negative as’ the 
result of treatment, it is to be assumed that a refractory focus of disease 
exists in the body, and this refractory focus may be in the central 
nervous system. Our results give some indication that this assumption 
is often correct. In twenty-six of the cases in which the central 
nervous system was abnormal and in which repeated examinations of 
the serum and cerebrospinal fluid were made, no oe than fourteen 
still showed a positive reaction in the serum, when in a “normal” ĉase 
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it would be expected to be negative. ' This is a higher proportion than 
would ordinarily be found in a series of cases with unaffected cerebro- 


spinal systems, and therefore it may-be assumed that a positive reaction ` 


which persists to an abnormal extent is suggestive of disease in the 
cerebrospinal system, and is thus an indication for immediate lumbar 
puncture. 


' VII.—CONOLUSIONS. 


In drawing conclusions from the preceding work, we consider it 
undesirable to discuss any hypothetical questions relating to the con- 


nection between these early conditions and the later manifest signs of ` 
syphilis in the central nérvous system. We propose to confine ourselves: - 


tothe facts which we have observed. . 
- We have examined 624 syphilitic men, of whom the great majority 
were in the early stages of the disease and showed no obvious signs of 


nervous disease. Of these, 18 per cent. showed undoubted signs of an 


abnormal condition of the central nervous system (p. 271). Thus we are 
able to confirm the work of earlier writers, although the number of 


- abnormal cases is considerably less in our series than in those of some 


N 


e This is partly due to the fact that cases which we have described 
“doubtful” are not included in this estimate. If, as we consider 
jastifiably, these also are looked upon as abnormal, the percentage of 
affected men reaches 30. 
Even this figure is not so high as some found in the literature, and it 
should be understood at once that statements of the numbers of men 


- affected are- totally devoid of significance, unless accompanied by an 


indication of the stage of the’disease. We have found that there is a - 


pronounced difference in the incidence of abnormal conditions at different 
stages of infection (p. 271). There is a progressive increase of.these up to 
the secondary stage (Division 4), but a slight decline in the later manifest 
secondary and tertiary period (Division 5). In the case of those men, 
however, in Division 6 who show no symptoms (namely, the so-called 
latent stage) there is a pronounced increase in the number affected. In 
our series, of all men who have been affected for more than six months 


‘ and showed no symptoms, no less than 85 per cent. had abnormal 


central nervous systems. 

If the number of men found to be abnormal by us is less than 
appears from the work of some other authors, this is adequately ex- 
plained by the fact thaj our series includes a large number of men in 
the’ first weeks of the disease (p. 272). The onset of the abnormality 
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may be very early. It was even demonstrable in two cases before the 
Wassermann reaction had become positive in the serum after infection 
(p. 272). The nature of this abnormality in the central nervous system 
does not ‘admit of doubt. ‘It is a syphilitic meningitis- We found 
this opinion not only upon the presence of lymphocytes in the cerebro- 
spinal fluid but also upon the frequent appearance of polymorpho- 
nuclear leucocytes in the more -pronounced cases. Furthermore, in 
a large proportion’ of the abnormal cases, the fluid showed a 
positive Wassermann reaction (p. 276), while in one case we even 
found 8. pallida by the method of dark-ground illumination (p. 280). 

There is no evidence that previous arsenical treatment increases 
either the number or severity of-the affected cases (p. 274). 

An outstanding feature of these cases is the almost total lack of 
symptoms. Very few of the men complained of any disability (p. 281) 
even when the meningitis was acute enough to produce a visible 
opalescence in the cerébrospinal fluid. 

Very few of these men showed any clinical signs of nervous disease 
detectible by our examination (p. 281). On the other hand & considerable 
proportion of the abnormal cases had lesions of the eye grounds, which 
were indeed of slight extent, but which, nevertheless, indicated a 
commencing retinitis (p. 284). 

A certain number of cases showed affections of the Hon ears, 
but: there was no evidence that these were commoner than among 
. non-syphilitics or ayphilitics with apparently intact nervous systems 
(p. 288). 

Antisyphilitic treatment has a marked oushoiling action upon 
‘these conditions. ‘Some are rapidly reduced to normal, while the great 
majority were shown to be improved within the period of observation 
(p. 291): On the other hand, a few of the cases showed a rémarkable 
resistance to treatment, indeed the meningitis actually progressed in 
spite of repeatedly renewed treatment (p. 294). 

Although the demonstration of a negative Wassermann reaction in 
the serum denotes that an affection of the central nervous system is 
improbable, nevertheless it does not exclude it (p. 296), and in view of 
the importance of early treatment (and the value of the operation in 
prognosis) it is probable that lumbar puncture should never be’ omitted 
as a routine in the examination of all cases of syphilis. ‘ 
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CHAPTER I.—INTRODUCTION. 


Tue problem-of motility, notwithstanding ‘the many notable con- ' 
tributions of recent years, is far from a final solution. This is true of 
reflex action, associated movement, hypertonicity after central ‘lesions, 
and cerebellar function. It is especially true of all that‘ pertains to the 
extra-pyramidal motor pathways. 

The present study is°a preliminary statement of certain views 
which I hold in regard to these questions. 

Some of my conclusions are founded upon clinical evidence only, 
while others rest upon a firm anatomical basis. Some_ate merely 
speculative and of a theoretical nature. Together they constitute a 
conception of the neural pathways underlying motility which may help ` 
to clarify much that is obscure in this important field. ° 

At this time it is not possible for me to pursue my investigations 
further. My presentation, therefore, is suggestive rather than complete. 
As the subject, .however, is closely related to certain aspects of the 
neurology of. war, this’ outline of my views is offered in the hope that 


` it may be of service to other students in this field. 


>. 
* | Presonted at a moeting of the American Neurological Association, May 9, 1918. 
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In our conception of motility as it relates to the peripheral nervous 
system, we think of motor nerves as subserving a single function only, 
the transmission of motor impulses from the anterior horn-cells 
of the. spinal cord to the skeletal muscles.: This -is the conception 
of the.final common path as enunciated by Sherrington, in which all 
varieties of motor impulses converging from the various central path- 
ways are supposed to traverse a single physiological system of peripheral 
motor neurones. 
> The present study is a consideration of evidence, from various 
sources which would appear to suggest a modification of this view, to 
the extent of recognizing two great physiological systems for the trans- 
mission of motor impulses in peripheral nerves, corresponding to 
certain cardinal differences in the nature of movements and their 
relation to special Be iN and correlating centres in the central, 
nervous system. 

If motility is resolved iito itë component parts three fundamental 
` types of movement may be recognized corresponding to important 
stages in the phyletic development of the nervous system. - 

* There are, for example, reflex movements which are very primitive 
and correspond to different levels of the segmental nervous system ; 
there are automatic and associated movements which are under the 
control of certain infra-cortical centres, and there are isolated synergic 
movements of cortical origin. The isolated synergic ‘movement is the 
highest type of motility yet produced in the course of evolution of 
the central nervous system, and finds its most complete expression in 
man. ` : 

The motor impulses of cortical origin pass.over a special system of 


fibres known as the pyramidal tracts, the existence of which has been l 


established by evidence from many sources. One of the most striking 
proofs of the existehce of such a system has been furnished by the 
developmental method which shows this system to be of comparatively, 
recent origin in the phylogenetic sense, and one of the last of the great 
neurone systems 'to receive its myelin sheath. 

At birth the pyramidal tracts are still shorn of their myelin sheaths, 
which develop gradually during the early years of infancy. - Van 
Gehuchten [20] called attention to the interesting fact that even as late 
as the eighth month of.footal life the pyramidal tracts in the spinal 
cord contain no axis cylinders which have not descended below the 
decussation of the pyramids in the medulla oblongata. 


Tt is therefore evident that other tracts in the spinal cord must afso 
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subserve a motor function, as an infant born prematurely at the seventh 
month displays an extraordinary power and diversity of movement. 
.There must therefore exist in the cerebrospinal axis other groups 
of fibres subserving the function of motility, and these are now generally 
recognized as the extra-pyramidal motor system. In this system the 
rubro-spinal tract of Monakow is perhaps the best known and most 
important, arising in the red nucleus and traversing the entire length 
of the spinal cord. Abundant evidence has also been furnished from. 
other sources—clinical, pathological, experimental and comparative— 
showing the existence of extrapyramidal motor tracts in‘ the central 


. nervous system ; and that these are of especial importance in the lower 


forms of life where cortical development is rudimentary. 

In previous studies I, have presented evidence which would appear 
to indicate that the extrapyramidal motor system is under the control 
of the corpus striatum and that a loss of the large motor cells of the 
corpus striatum in man is associated with the clinical phenomena of 
paralysis agitans. Paralysis agitans, according to this conception, is 
produced by a break in the strio-spinal system of motility and is the 
counterpart in the extrapyramidal system of spastic paralysis following 
lesions of the pyramidal tracts. 

In paralysis agitans there is a progressive loss of certain automatic 
and associated movements, in contrast to spastic paralysis where the 
isolated synergic -movements of cortical origin are abolished. These 
two systems are therefore anatomically and physiologically distinct, 
each contributing in its own way to the normal harmony of movement. 

The strio-spinal system is the older and more primitive mechanism 


‘and the homologue in man of the basal fore-brain bundle and the 
. primary motor fasciculus ef the lower forms of life. Automatic and 


associated movements must therefore be phylogenetically older than 
the isolated synergic movements of cortical origin, just as reflex 
movements must have antedated the appearance of automatic and 

associated movements. 


Typical reflex movements are therefore purely spinal and the first 
to appear in the evolution of animal life. Next in order would come 
the various automatic and associated movements which would corre- 
spond to the development of a primitive correlating mechanism, the 
corpus striatum. The most recent addition to motility is the isolated 
synergic movement of cortical origin which parmits of the special dis- 
sociations underlying. the various skeletal acts which have contributed 
so jargely to the progress of man. 


t 
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Each of. these fundamental types of movement is represented and’ 
plays an important rôle in motility—all are united and fused by the 
integrative action of the nervous system. These various mechanisms 
may, however, be unmasked by the accidents of disease, which allow 
us to retrace the various evolutionary steps of differentiation and 
integration of the nervous system. 

In the present study evidence is presented which would appear to 
indicate the existence of a similar physiological division of motor 
systems in peripheral nerves; one of these is for the transmission of 
automatic and associated movements, which because of its age and 
more primitive function may be termed the paleo-kinetic system. The 
other is for the transmission of isolated synergic movements of cortical 
origin, and may be distinguished as the neo-kinetic system. 

The paleo-kinetic function. represents a more primitive and more 
_ diffuse form of movement, which is under the control of the corpus ‘ 
striatum and is subserved by, a strio-spino-neural system. The neo- 
kinetic function is ẹ more highly specialized form of movement which 
is under the control of the cerebral cortex and is subserved by a cortico-, 
spino-neural system. 

.According to this conception the skeletal musculature which is the 
peripheral organ of motility is innervated by two distinct systems of 
fibres which are physiologically and anatomically distinct: A paleo- 
kinetic system for automatic and associated movements and a neo- 
kinetic system for the isolated synergic movements of cortical origin. 

With this differentiation in the central and peripheral motor system, 
which represents two distinct phases in the evolutionary development 
of motility, there is, I believe, a corresponding differentiation of reflex 
function, so that it will be possible to recognize certain paleo-kinetic 
and neo-kinetic reflex manifestations referable to one or the other of 
‘these two systems. 

It is not without interest -to recall that Henry Head [6] and his 
collaborators in their exhaustive study of the afferent nervous system 
have reached somewhat similar conclusions. 

They find evidence in the peripheral nervous system of the existence 
of two distinct types of sensibility, a protopathic and an epicritic. The 
protopathic is a lower order of sensation in contrast to the epicritic 

sensibility which finds its interpretation in the cerebral cortex. 
The diffuse primitive character of the protopathic sensibility 
suggests a certain analogy to the diffuse contractions of automatic and 
associated movements. On the other hand, the discriminative quality 
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of the epicritic sensibility is in the sensory sphere the counterpart of 


the isolated synergic movement of cortical origin. 

It is also significant that the optic thalamus, which is the great 
infracortical station .for protopathic sensibility, stands at the same 
physiological level as the corpus striatum which, according to my 
conception, is the organ for control of automatic and associated 
movement. 

- There is accordingly a' certain harmony in the conception af ‘the 
afferent nervous system as enunciated by Henry Head and that of the 
efferent systems which I shall endeavour to present in the following 


. pages. According to. both hypotheses there exists a, more primitive 


system , subserving ‘an ancient function which is related to the basal 
ganglia in addition to a more highly aa system of cortical 
origin. 


CHAPTER Jl.—Tue RESTORATION OF MOTOR Fonction AFTER INJURY 
TO. PEBIPHERAL NERVES. 


Peripheral nerves in contrast to the central nerve tracts may 
under suitable conditions regenerate after injury, with more or less 
complete restoration of function. This regenerative capacity is probably 


_ closely related to the existence of a special sheath termed the neurilemma., 


Generally speaking, sensory function is restored before motor function 
and. if the hypothesis of Henry Head is accepted the primitive or 
protopathic type of sensibility precedes the resurn.of the more highly 
specialized epicritic sensation.’ i 

There is, however, clinical evidence to show that in the restoration 
of motor function after injury a certain differentiation. of function is. 
also possible and that motility of a more primitive type as represented 
by automatic and associated movements makes its appearance before’ 
the return of the dissociated synergic movements of cortical origin. 
Thus there is a certain parallelism in the functional restoration of both 
motor and sensory nerves which appears. to be dependent upon the 
existence of nerve fibres presenting different degrees of vulnerability 
and: specialization. ` 

It has been noted by a nimber of observers that after injuries of 


. peripheral nerves there is a return of muscle tonus and a diminution of 
‘the atrophy long before voluntary movements. are in evidence. 


Tinel [19] in his treatise on. the Injuries of Nerves states that the 
seqpence of events in the regeneration of motor nerves, is as: follows: 


. 
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(1) “The first ‘evidence of beginning: restoration of function is the 
return of muscle tone. The muscle develops a firmer consistence and 
there is a progressive modification of the paralytic posture of the limb. 
Atrophy’ also diminishes. 

(2) Soon there is a return of muscle sensibility. 

(3) The return-of voluntary movement is the latest “ manifestation 
of regeneration. It first shows itself by a slight hardening of the 
muscles which accompanies the efforts of the patient, and particularly 
the energetic contraction of the antagonistic muscles; no movement, 
however, is apparent.” s 

“Then there appear faint voluntary movements necessitating 
considerable effort on the part of the patient and bringing, into play 
the violent synergic contraction of all the muscles of the limb. Finaly, 
the movement becomes definite, but they long remain weak, clumsy 
and quickly exhausted, evidencing nee fatigue accompanied by slight 
trembling.” 

In this description, which is based`on .a large experience with gun- 
shot injuries of nerves, it would appear that the earliest evidences of 
motility in the paralysed distribution are associated with forcible 
contraction of all the muscles of:the limb, viz., associated movements, 
and that only later do the movements become dissociated and then are 
feeble and readily exhausted for a considerable period. 

` Not long since, while serving on a Medical Advisory Board in 
connection with the draft, there was referred to me the’ following 
rather curious case :— 

` The man was thirty years of age and worked in a tailoring establish- 
ment. Fifteen years previously, his right upper arm had been severely 
gashed in the middle of its posterior aspect by a circular saw in such a 
manner as to involve the musculospiral nerve. He was taken to a 
hospital, where the hemorrhage was checked and the wound sutured. 
The injury was followed by immediate and complete paralysis in the 
distribution of the musculospiral nerve. As there was no improvement 
in the motor function after a year of conservative treatment a secondary 
operation’ was performed, and’an attempt was made to suture the 
divided nerve. This operatién was performed in Russia and it was 
impossible to ascertain the condition in which the nerve was found, or 
the success of the operative procedure. 

In the course of time there had taken place a certain improvement 
in function, but he had never entirely regained the function of the 
paralysed muscles and the usefulness of the hand was seriously impaired 


‘ 
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At the time of my examination, which was fifteen years after the 
original injury and fourteen years subsequent to the attempted nerve | 
suture, the clinical picturé was as follows: There was a ragged scar on 
the middle of the posterior aspect of the right upper arm which had 
evidently extended through the muscle mass of the triceps to the bone. 
In addition, there was the scar of a longitudinal i incision on the posterior 
aspect of the arm in the course of. the musculospiral nerve, which 
coincided with the site of the previous’ operation. 

There was complete paralysis of the supinator longus, and the 
extensors of the wrist, thumb and fingers for all movements of cortical 
origin. When the forearm was held out with the hand open, there 


was the typical position of wrist-drop. Flexion of the elbow-joint 


produced not the slightest evidence of contraction of. the supinator 
longus. Attempts to extend the thumb, fingers or wrist evoked no 
corresponding movement of the parts. There was, therefore, a: total 
paralysis for all isolated synergic moveménts of cortical origin in the 
distribution of the musculospiral nerve. 

‘When, howeyer, the hand was closed tightly, as in making a fist, all 
the muscles of the forearm and upper arm were immediately thrown 
into strong, firm contractions. The supinator longus contracted firmly, 
and stood out prominently ; the extensor muscles on the back of the 
forearm were felt to contract forcibly and the hand no longer dropped 
but assumed a position of extension. In this position, palpation showed - 
the long extensors of the thumb and fingers and the extensors of the 
wrist to be exerting firm contractions. 

In other, words, muscles which failed to respond to a willéd move- 
ment of cortical origin were thrown into active contractions when 
another type of movement was initiated—the grasping movement of 
the fist belonging to the type of automatic and associated movement in 
contrast to the isolated extension of the wrist and fingers which is of. 


; cortical origin. 


' On opening the hand, the aein aniei relaxed, the, hand 
dropped and the attitude and characteristic deformity of musculospiral ; 
palsy were again evident. 

Sensation, so far as I was able to determine by routine clinical 
tests, was not affected in the distribution of the radial nerve. The 
response was prompt to light touch with cotton wool; to pin prick and 
to heat and cold over the hand and forearm, both anteriorly and 
posteriorly. ` E 

e The sense of localization was also present. Pressure over the 
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extensor muscles of the forearm evoked a distinct sensation of pain 


‘similar in character and intensity to that ofthe unaffected side. The. 


sense of posture in the fingers was also intact. If, therefore, a slight 
disturbance of sensibility was still present it was not detected by 
usual sensory tests. 

On electrical examination, the extensor muscles of the forearm, 
including the supinator longus, responded promptly to the direct applica- 
tion of both faradic and galvanic currents. There was no sluggishness 
of the responses and no qualitative changes or reversal of the formula. 

I was unable, however, to elicit isolated contractions in the musculo- 
spiral distribution with either current on application of the electrode 


above the site of the injury. Strong currents evoked a general diffuse _ 


contraction of all the muscles of the forearm, which was present in the 
extensors and was especially active in the flexor group. 
It was, however, impossible to pick‘ out, the musculo-spiral nerve 


with the electrode and induce the typical extensor movements of the - 


hand and fingers. 

How is this curious dissociation of motor activities to be ee ? 
Here was an old injury of the musculospiral nerve in which there was 
no return of the isolated movements of cortical origin, as, for example, 
the participation of the supinator longus in flexion of the elbow or the 
' isolated movements of extension of the wrist, thumb and fingers, and 
yet all of these same muscles would andergo strong contractions on 
making a fist. 

Phylogenetically, the grasping movement of the hand is dn older 
-type of movement and is probably closely related to the climbing period 
of our ancestry. It is, for example, readily demonstrable in the infant 
before the pyramidal tracts are fully developed. A strong grasping 
movement of the hands may be observed in infants born prematurely 

‘at the seventh month, at which “period the axis cylinders of the 
pyramidal tracts, according to Van Gehuchten, have not yet descended 
below the decussation and therefore could not be ets in the 
spinal cord. 

It is therefore reasonable to infer that the various movements of 
the infant born at the seventh month pass over some motor system 
other than the pyramidal tract and this mechanism is represented 
according to my conception by the striospinal system, viz., the corpus 
striatum and the extra-pyramidal motor tracts. This being an older 
mechanism for the control: of automatic and associated movements, it 
‘antedates phylogenetically the corticospinal system: A fact whigh is 


\ ` g © 


310. . ORIGINAL ARTICLES AND CLINICAL CASES 


EEE ENE. by myelinization studies which show that the anse D 
and the antero-lateral ground bundles of the spinal cord receive their 
myelin sheaths as early as the fifth month of fostal life. 

It would therefore appear that we have in this case of old musculo- 
spiral palsy a peripheral motor system which is capable of transmitting 
impulses'from the striospinal mechanism, but none for the transmission 
of the higher and more specialized types of movement of cortical origin. 

The injury to the nerve trunk must have been of such a character as ` 
to prevent effectually the regeneration of the more highly specialized 
fibres subserving a cortical function, but owing to the more primitive 
character of the other motor system regeneration and restoration .of 
function was possible. - i 

Any anatomical differences between these two systems sre as yet 
purely conjectural. The clinical evidence, however, would suggest that 
the more primitive function«is'subserved by a lower order of nerve- 


_ fibre, possibly non-medullated or very finely medullated nerve-fibres 


which sprout from the central end of the divided nerve and invade the 
adjacent parts. Such fibres may bridge a large gap and wander through 
dense. fibrous deposits to reach the distal end of the nerve, and thus 
subserve the function of primitive motility. Perhaps frequent division 
of the nerve-fibres may also play a rôle. 

Ramon -y Cajal [15] and others have shown in studies on the 
regeneration ‘of nerves. that innumerable non-medullated fibres grow 


‘out from the central stump and invade the surrounding tissues—many 


of these fibres undergoing division. It is therefore possible that primi- 
tive types of diffuse associated movements are subserved by fibres of 


_this type which sre capable’ of passing through obstructions which 


" would be insuperable to the more highly specialized nerve-fibres sub- 


‘serving a cortical function. 


Regeneration studies would appear therefore to favour the idea that- 


‘the medullary sheath is a factor in the differentiation and specialization 


of nerve function which permits of the more isolated and dissociated 
types of cortical movement. . 

In another patient, a young woman who had suffered a severe com- 
pression paralysis of the musculo-spiral nerve, a similar dissociation of 
motility was observed with return of function.. When she first came ` 
under my observation, two weeks after the injury, there was complete 
paralysis of the musculo-spiral nerve, including the supinator longus, the 
extensors of the wrist, thumb and fingers. The extensor ‘muscles of: 


: the forearm were in a state of complete relaxation with typical wrist- 
e 
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- drop. There was also anwsthesia to touch, pain and temperature in 
. the radial distribution of the nerve. The muscles showed complete 
reaction of degeneration. Three months later sensation was practically 
restored save for parwsthesia and slight impairment of tactile sensi- 
bility and localization in the radial distribution. There was, how- 
ever, no return of power on attempting to carry out isolated 
movements in the paralysed muscles. Forced flexion of the elbow 


“ ` produced no contraction of the supinator longus, and strong efforts 


to extend the’ wrist, thumb, or fingers were of no avail. There was 
still complete . paralysis for isolated synergic movements of cortical 
origin in the paralysed distribution. When, however, the hand was 
closed tightly in a grasping movement, as in making a fist, distinct 
evidence of-muscular contractions were palpable both in the supinator 
` longus and the long extensors of the wrist, thumb, and fingers. There 
was also evident return of muscle tone in the paralysed muscle. The 
reactions of degeneration were still present. 

Here, again, were encountered evidences of a dissociation of motility 
during the period of restoration of function after injury. There was 
absolutely no sign of an isolated movement of cortical origin in the 
paralysed distribution, and yet very evident signs of contraction were 
produced by a more primitive type of associated movement. This 
would appear to indicate either & lessened vulnerability of the older 
system or & more rapid regenerative capacity after injury. 

A somewhat similar observation was recorded some years ago by 
Oppenheim [14]. A 7-year-old girl had a pressure paralysis of the left 
musculo-spiral nerve of nine weeks’ duration. There was wrist-drop 
‘and complete paralysis of all the muscles ‘supplied by the musculo- 
spiral nerve for all forms of voluntary movement. It was noted, how- 
ever, that when the fingers were tightly closed, as in grasping an object, 
the hand was thrown into hyperextension. It was also observed that 
during certain purely automatic acts the hands and fingers were 
extended. That it was a case of true peripheral palsy was shown by 
_ presence of the reactions of degeneration. 

Oppenheim attempted an explanation of the seniors by assuming 
a loss of cortical memories for movement, a habit paralysis (Gewohn- 
heitslahmung), as this term was used by Huet [7]. He thought that 
this factor may have been enhanced by the mental condition of the 
child, who was both imbecile and epileptic. “Later, under appropriate 
electrical treatment, the paralysis cleared up, and cortical Movements 
were completely restored. . 


ee 
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The explanation which was offered by Oppenheim, while sugges- 
tive, is far from satisfying. It seems hardly possible that cortical 
memories could. have been so completely obliterated after so short w 
period of time, and why, might one not inquire, is the condition not 
more frequently encountered after palsies of the peripheral nerves ? 

It is my belief that the phenomena may be more satisfactorily 
interpreted by the assumption of the existence of two distinct physio- 
logical systems for the transmission of motor impulses in peripheral 
nerves, and that the paleo-kinetic system is not only less vulnerable, 
but regenerates more readily after injury. Such a conception would 
appear to explain quite naturally the early return of automatic and 
associated movements, which are diffuse and primitive in their nature, 
while the more highly specialized function of cortical ‘origin would 
require a longer period for recovery because of the more delicate 


differentiation of the nerve-fibres subserving the neo-kinetic function. 


"A somewhat similar manifestation was described by Jacobi as paniy 
as 1877, and finds frequent mention in the literature. 

Jacobi [12] had suffered in his own person ẹ& serious injury of both 
the musculospiral and median nerves. After recovery he found that .it 
was quite impossible to contract isolated muscle groups, but only all of 
them together. In other words, diffuse associated contractions were 
present in the paralysed muscles without, however, the power of isolated 
movements. | 

Here, again, in an old lesion of eee nerves the strio-spino- 
neural pathway (paleo-kinetic system) was open, while the cortico- 
spino-neural pathway (neo-kinetic system) was broken ' and would 
not convey impulses from the cerebral cortex to the muscles. 

I have also observed a similar dissociation of motility after an old 
injury of, the median nerve, and in a case of old gunshot wound of the 


‘external popliteal nerve. In both cases there were distinct evidences of 


a return of associated movement in the paralysed muscles without the 
power of isolated movement in the corresponding neural distribution. A 
return of protopathic sensibility was demonstrable; while the epicritic 
sensibility was still absent. The paralysed muscles possessed some 
sense of pain on deep pressure. Electrical examination showed 
complete reaction of degeneration. 

In both cases, exploratory operation revealed serious injury of 
the nerve trunks, which were embedded in a mass of sclerotic 
cicatricial tissue. : i 
* In these cases, although several ‘years had elapsed since the injury, 
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regeneration of the more highly specialized neo-kinetic system had not 


taken place and yet paleo-kinetic movements were evidently present, 
‘which harmonizes in the sensory sphere with the return of protopathic 
and the absence of epicritic sensibility. This would therefore appear to 
confirm my theory that those fibres subserving the mote primitive 
functions of motility traverse with greater ease gaps and sclerotic 
obstructions than is possible for the more highly differentiated fibres 
conveying cortical impulses. 


The Restoration of Motility after Facial Palsy. 


_ By reason of its rich and comparatively superficial distribution and 
- the character of the muscles innervated, the facial nerve offers peculiar 
~ advantages for the study of motor function. 

The facial musculature in addition to voluntary movements of 
cortical origin presents a wide range of movement of another kind, 
which is concerned with the expression of the emotions. These are 
essentially of the automatic and associated type. 

The centre for the emotional innervation of the face was long held to 
be localized in the anterior portion of the optic thalamus, following the 
teachings of Nothnagel and Bechterew. 

In previous contributions to the functions of the corpus striatum 
[8 and 9] I have presented evidence for the assumption that the 
essential mechanism for the control of the emotional innervation of 
the face is centred in the corpus striatum and that facial expression 
is @ part of that large system of automatic and associated movements 
which is under the control of the striatal mechanism. 

In paralysis agitans, for example, which is the extreme expression of 
a loss of the essential motor mechanism of the corpus striatum, a loss of 
the emotional'innervation of the face is one of the most striking symptoms, 
the Parkinsonian mask. g - . 

In such cases, while the face is motionless so far as expression 
is concerned, theré is nevertheless retained the power of cortical 


innervation (isolated movements) which are simply impaired by the 


increased tonicity of the musculature. So far, therefore, as facial 
motility is concerned, there are two great types of movement which 
may be dissociated by, organic disease of the central nervous system : 
a lesion of the cortico-spinal system (pyramidal tracts), producing 
spasticity and loss of isolated movement, as in spastic palsies; a lesion 
of the strio-spinal system (pallidal system) producing rigidity and doss 
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of the automatic and associated movements subserving the function of 
expression as in paralysis agitans. 

The facial muscles have, therefore, a dual function physiologically 
distinct, and according to my conception this duality of function is 
subserved peripherally by two distinct systems of mnerve-fibres: 
a strio-neural or paleo-kinetic, and a cortico-neural or neo-kinetic 
system. sae oes 

If the restoration of motor function, after facial palsy is carefully 
observed, I think that many facts confirmatory of this point of view will 
be found. : 

For example, the first movement to return in cases of facial paralysis 
is a closure of the eyelid, associated later with a slight contraction of the 
muscles about the angle of the mouth. This associated movement of the 
angle of the mouth on closure of the eye becomes more pronounced as 


_improvement continues and antedates often for a considerable time the 


ability to contract by isolated movement of cortical origin this same 
region of the face. 

Subsequently, as function is restored, other movements of the . 
associated type appear, and more edpecially in those severe cases 
in which voluntary activity is long delayed or perhaps permanently 
affected. mS 

In such cases the affected side becomes contracted by a more or less _ 
continual spasm, which, however, is increased and exaggerated by the 
natural emotional play of the facial muscles in talking, laughing and 
crying. ` i 

Where these conditions obtain it would seem as if the older paleo- 
kinetic system showed greater powers of regeneration than the more 
highly specialized neo-kinetic system; hence the diffuse contractural 
states, hypertonicity and multiplicity of associated movements after old 
facial palsies. 

An interesting case of old facial palsy is cited by Ballance and ` 
Stewart [1] in which a contractural condition had developed on the 
paralysed side, without the power of voluntary movement. 

_ Following an operation for nerve anastomosis, the contractural 
state disappeared, although the nerve was found completely divided 
and disconnected, showing that there had been a certain power of 
innervation, although apparently a complete separation of the divided 
nerve had taken place. 

In-the discussion of this case, Ballance says: “ This is a condition for 
which we do not offer any explanation, except possibly in such cases 


. 
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the nerves, though completely disconnected from the brain, do in some 
way by virtue of the regeneration that has taken place in thém exert an 
influence on the muscles.” l 

According to my conception, such a case would be explained by the 
passage of a lower. order of nervye-fibre of the paleo-kinetic system 
through the tissues, bridging gaps-and overcoming obstructions and 
eventually reaching the: distal portion of the nerve. This regeneration 
if more primitive would permit a. return of muscle tonus and certain 
‘automatic and associated movements, the severe nature of the lesion 


precluding a regeneration of the fibres of the more highly specialized - 


neo-kinetic system. In such an event, the anastomosis operation would 
naturally have destroyed that small portion of the paleo-kinetic motility 
-which had been restored. - 

It is perhaps also significant that after cases of nerve anastomosis in 
which the hypoglossal or spinal accessory nerves have been united with 
the distal stump of the facial, the emotional expression, as represented 
by laughter and weeping, remains permanently absent, although a 
certain power of voluntary control may be attained. 

- Another interesting group of facts may be elicited by the study of 
facial paralysis resulting from gradual pressure, as in cases of tumour, 
either of the temporal-bone or of the cerebello-pontine angle. 

In such cases of slow compression, it is usually possible to 
demonstrate some loss of the isolated movements of cortical origin 
with preservation of automatic and associated. movements. 

In a patient at present under my observation with a tumour of 
the petrous portiqn of the temporal bone a facial palsy has gradually 
become manifest. Many of the movements of cortical. origin, as for 

. example elevation of the brow or isolated contraction of the angle 


of the mouth, failed to dévelop on voluntary effort, and yet in the natural’ 


emotional play of the facial muscles these same muscle groups were 
thrown into active contraction. Indeed, it would seem as though there 
wasan emotional hyperactivity in those groups which were paralysed for 
cortical innervation. 

-'  Té would almost appear as if the higher cortical mechanism exercised 

- gome controlling influence on the lower system, for when this is destroyed 
the lower system overacts. Perhaps the failure of the cortical impulses 
to find an outlet on account of the destruction of ned-kinetic fibres lends 
an added force to the contractions in the paleo-kinetic system. In any 
event, contractural states and overaction develop with the loss of the 
cortico-neural system. 


ee 
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I think, therefore, that a careful study of facial palsies will convince 
most, observers that during recovery the automatic and associated move- 
ments are the first to appear, and in older cases with imperfect recovery 
always show a greater restoration of function; furthermore, when the 
facial nerve is subjected to pressure the neo-kinetic movements are those 
which are first lost—-which would seem to favour the theory of two 
distinct physiological systems for the transmission of motor impulses, in 
the cranial as well as the spinal nerves. ‘ 


CHAPTER III.—ANATOMICAL CONSIDERATIONS. - 


ag 


In the foregoing chapter certain clinical evidence has been presented | 
which would appear to indicate the existence of two distinct physio- 
logical systems for the transmission of motcr impulses in peripheral 
nerves. This evidence would also appear to show a cardinal difference 
in the anatomical structure of these two systems. For the paleo- 
kinetic system is less vulnerable to the. effects of ‘pressure and is the 
first to show signs of returning function after injury to the nerve. 
Especial emphasis should also be laid on those remarkable cases in 
which the paleo-kinetic function is alone demonstrable many years 


‘after injury, when there is every reason to assume the existence of a 


gap or other formidable obstruction to the regenerative activities of 
the nerve. : 

All of these facts favour the idea that the paleo-kinetic function is 
subserved by a lower type of nerve-fibre, as it is well known that a 
higher differentiation of nerve structure is associated with increased 
vulnerability to injury and a lessened regenerative capacity. 

Are there any facts in the development and finer anatomy of nerve- 
fibres which might bear correlation with this voint of view ? 

The peripheral nervous system is composed of two types of nerve- 


` fibres—medullated and non-medullated. The non-medullated is similar 


in structure to the medullated fibre, save for the absence of a myelin 
sheath. It is composed of an axis cylinder and a neurilemma, and is 
supposed to subserve the function of the visceral or sympathetic ` 
nervous system. 

Medullated nerve-fibres vary considerably in size; some are large, 
othets of medium calibre, and many are quite small, not greatly 
exceeding the diameter of the non-medullated fibre. Those medullated 
nerve-fibres subservingya motor function terminate in striated muscula- 


„ture by a special nerve-ending or a motor end-plate. 


t 
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In recént years considerable attention has been given to the presence 
of another type of end-plate in striated muscies, which is apparently of 
sympathetic origin, it being the terminal of a non-medullated nerve- 
fibre (Boeke [2]). It would thus appear that striated muscles are 
innervated by two distinct systems of fibres, the one medullated 
and the other of non-medullated type. This theory of a dual 
innervation of striated muscles as enunciated by Botazzi [8] has 
received confirmation from other sources, chemical, histological and 
physiological, and is no doubt destined to play an important rôle 
in the elucidation of the problem of motility and the various disorders 
of the neuro-muscular mechanism. 

It is held that the anisotropic disk system of muscles which subserves 
the function of the quick contraction, or the twitch, is supplied by 
- motor cells of the spinal cord, medullated nerve-fibres and motor end- 
plates. The sarcoplasmic substance, on the other hand, is assumed to 
be innervated by the sympathetic cells of the cord, the non-medullated 
nerve-fibres and a special sympathetic motor end-plate. 

The sarcoplasm of muscle is that component which is concerned 
wath the slow tonic forms of muscular contractions, and is ‘more plastic 
in its function. - 

According to this conception the slow, ents contraction of muscular 
tissue is distinct physiologically from that of the quick contraction or 
the twitch. Langelaan [18] and Sherrington have recently made 
notable contributions to this subject, and Sherrington [18] has shown 
the relation existing between the posturing function of muscle tissue 
and the sarcoplasmic substance in both striated and non-striated 
muscles. E 

As the slow plastic in ponini of voluntary muscles is similar to the 
function of non-striated muscle-fibres of the visceral system which are 
exclusively innervated by the sympathetic system, it would appear 
probable that the twitch component is of more recent origin, phylogeneti- 
cally, and, as it were, has been superadded to the sarcoplasmic substance 
in the course of evolution in order to allow greater range and variety of 
movement. If this were true, one might anticipate a greater develop- 
ment of the twitch component as motility became more highly organized 
and differentiated, and in the isolated movements of cortical origin the 
sarcostyles or anisotropic disk system would play a greater rôle than in 
automatic and associated movements. 

At the present time opinions are at variange as to the source of 
this sympathetic innervation of striated muscle-fibres. Certain studits 


( 3 z 
°318 ORIGINAL ARTICLES AND CLINICAL OASES w, 


would appear to show that these fibres emerge in the anterior roots, 

passing in the white ramus to the sympathetic and reaching the muscles 

by way of the vascular system.. In one group of experiments, section of 

the abdominal sympathetic in cats produced some diminution of muscular 

` tonus. A similar experiment on the dog, however, was not followed by 
any reduction of tonus; so whatever may be the source of these non- 
medullated nerve-fibres and sympathetic nerve-endings in striated 
muscles, the interesting fact is the duality of function which appears 
now to be well established: the disk system, or sarcostyles, subserving 
the twitch or quick movement, and the satcoplasm the more ycontanons 
contraction. 

It is, I believe, not improbable that certain ENEA the func- 
tions of the paleo-kinetic and neo-kinetic systems are closely related to 
this duality of function of the intrinsic muscle mechanism. 

The higher differentiation of motility as’ exemplified in movements 
of cortical origin being largely dependent upon a greater development 
and finer dissociation of the anisotropic system, while in many auto- 
matic and associated activities, as of the trunk, the postural and tonic 
element predominates, which is the function of the sarcoplasm. : 

Non-medullated nerve-fibres in spinal nerves. —Ot great interest in 
relation to the presence of non-medullated nerve-endings in skeletal 
muscles are the recent researches of Baison on the histological 
structure of spinal nerves. 

Ransom [16] by the use of a special method óf silver impregnation, 
which he termed the silver-pyradine technique, has been able to 
demonstrate large numbers of non-medullated nerve-fibres in peripheral 
nerves. The existence of such fibres in small numbers has long been 
known, but that they are as numerous as medullated nerve-fibres’ was 
not recognized before the publication of Ransom’ s studies and his 
special method of staining. In some nerves they may even exceed in 
number those of the medullated type. 

These non-medullated fibres are not gathsred on the periphery of 
the nerve-fibre in small groups as occurs when a twig from the vascular 
sympathetic joins the nerve-trunk, but are uniformly diffused prone hou 
the whole section of the nerve. 

Ransom has also shown that the gréater number of these non- 
medullated fibres pass to the skin and take their origin in the smaller 
type qf ganglion cell in the ganglia of the posterior roots. He states, 
however; that a few of these fibres also pass to the muscles. 

He makes the very interesting suggestion that these fibres, which 
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are evidently of a’ more primitive type than medullated: nerve-fibres, 

may be concerned with the transmission of protopathic sensibility, 
which is a more primitive form of sensation and therefore would be 
related to a more primitive anatomical system in the uerve-trunk. The 
epicritic sensibility, as it represents a higher and more specialized 
form of ‘sensory’ function, would naturally Be subserved by a more 
specialized: system of. nerve-fibres.: 

Ransom reached the conclusion that if Head’s eeeosnea of sensi- 

bility is correct, a large proportion ‘of the afferent nerve-fibres of 
‘ mammals remains in a relatively undifferentiated state and transmit a 
relatively primitive and diffuse form of sensation, while other afferent 
fibres have undergone a further differentiation, acquired a myelin sheath 
and are engaged in the transmission of specialized forms of sensation, 
including an increased power of localization. ; 

Insulation’ of the axone by the myelin sheath is. bans an 
important factòr in eliminating the element of diffusion so characteristic 
of primitive sensation. l 

‘It would bè of great interest ‘to apply Ransom’s technique to the 
question of the paleo- -kinetic system in peripheral nerves. Here in the 
motor sphere is more primitive and relatively diffused form of motility, 
which in its regenerative reaction to injury, is not unlike that shown by 
protopathic sensibility. If the existence of a primeval sensory system 
` in peripheral nerves is accepted, on theoretical grounds, there would be 
good reason for the assumption that @ primitive motor system is also 
present, as both sensory and’ motor functions must have passed through 
very similar stages of specialization and phylogeny. 

Ventral roots of the spinal cord.—If there exists a neo-kinetic 
syatem in peripheral nerves subserving the motor functions of the 
cortex, such a system would necessarily have a larger representation in 
the muscles of the upper and lower extremities than in those of the 
trunk, as:the finer cortical moyements are chiefly represented in the 
extremities. This being true one might expect to encounter certain 
histological differences in the fibres of the anterior roots which would 
correspond to the relative representation of the pale kinetic and neo- 
kinetic functions. 

In the description of the ventral ‘roots of ‘the spinal cord as given in 

“ Quain’ s Anatomy,” the large and medium-sized medullated nerve-fibres 
are found in greatest number in the cervical and lumbo-sacral roots, 
` the finer fibres constituting only onè- ant of the whole number i these 
regions. f be ° 
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On the other hand, tha finer nérve-fibres preponderate in the i 


. thoracic and coccygeal regions in the proportion of three to one. There 
` may, therefore, be some confirmation of my theory in these facts. 


For, while the sympathetic fibres of the autonomic system un- 
doubtedly arise at the thoracic and coecygeal levels there are the 
enormous muscular masses of the trunk to be innervated, and~if these 
are supplied exclusively by medullated nerve-fibres of large or ‘medium 
calibre, one would hardly expect ‘such a great preponderance of the 
finer type of nerve-fibre. In this relation it ie also of interest to con- 
sider the important réle played by the muscles of the trunk i in automatic 
and associated movements and: their comparative unimportance in the 
finer movements of cortical origin. 

Myelinization of the anterior. roots. —If my didory is correct that 
there. exists in peripheral nerves,a more highly differentiated type of 
nerve-fibre subserving the neo-kinetic function of the cortex, one might | 
expect such fibres to develop later than those of -the’ paleo-kinetic 


‘system and perhaps receive their myelin sheath subsequent to birth as. 


in the case of the pyramidal tracts. 

I am aware of no systematic studies covering this field in the 
peripheral nervous system of man, a method which yielded such fmol 
results to Fleichsig i in the brain and spinal cord. 

There are, however, some interesting investigations in the field of 
comparative neurology which would appear to show a considerable 
post-natal myelinization of the anterior roots. 

Hatai [5] has made an elaborate study of the number of medullated 
nerve-fibres in the anterior roots of the white rat at different ages, and 
has noted. a definite incregse. corresponding to different -periods of 
growth, , He reaches the interesting conclusion that ‘‘the total. 
number of the medullated fibres in the ventral roots of the spinal nerves 
increases as the animal becames older. The rate of increase of these 
fibres is not the same for the different ages. It is most rapid between 
the ‘weights of 10°3 and 25°4 grammes (ten, to thirty days), after which 
it becomes slower. The total number at maturity, is about 2'7 times 
that found in the 10°3- -gramme rat.” 

He also states that “at all ages the ventral oe near the cord 
contains more ‘medullated: fibres than appear more distally, the second ` 
section being taken near the ganglion of the corresponding dorsal root; 
in other words, the total number of the medullated fibres in the 
centrabroot decreases from the spinal cord towards the periphery.” 

Jt is possible that tHese findings may bear some correlation.with a 
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higher specialization of motor function in peripheral nerves, ‘as the age 

‘of myelinization is of paramount importance in indicating the phylo- 
‘genetic relationship of the various neuronal systems. This is mani- 
‘fested in the corpus striatum, for example, by the early myelinization 
of the ansa system and. in the cerebral cortex by the late development 
of the pyramidal tracts, and if specialization of function leaves its 
imprint in this manner on the central nervous system one might 
anticipate similar results in the peripheral pathways. 

Boughton [4] also investigated this question in the oculo-motor 
nerves of the white rat and has reached somewhat similar conclusions. 
He states that, “in white rats having body weights of 11 grammes 
and 414 grammes, there is a nearly regular increase in the number of 
medullated nhro in the oculo-motor herves, this increase ponang to 
75 per cent. 


In this brief sketch of certain histological KG I would Suy Í 


indicate in a very general way the possibility of an anatomical basis 
for these two physiological systems. 

It is my belief that they are anatomically distinct, and the proof of 
my clinical interpretation must await further study along these and 
other lines, for in the elucidation of finer anatomical problems a know- 
ledge of function must often precede its structural demonstration. 


i 


CHAPTER [V.—TsHe RELATION oF THE NEO-KINETIC AND PALEO- 
KINETIC SYSTEMS TO THE CLASSICAL TYPES OF CENTRAL HYPER- 
TONUS.—SPASTICITY AND RIGIDITY. 


The conception that skeletal muscles are innervated by two physio- 
logically distinct motor systems, subserving paleo-kinetic and neo-kinetic 
functions of motility, is not without interest in its relation to TROS 
of hypertonus. 

Two great éypes of hypertonicity are recognized; a spastic mN 
which is referable to the ‘cortico-spinal system, and the rigidity of 
paralysis agitans which I would refer to the strio-spinal pathways [9]. 
Is there any relationship existing between these central types of 
muscular rigidity and the paleo-kinetic and tipo-kinpiig functions of 
motility ? 

It is an established fact of physiology that separation of the motor 


cortex from the lower spinal centres removes a certain restyaining . 


influence termed inhibition, which is characterized by a peculiar spas- 
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ticity of the musculature. If as I assume, the corpus striatum is the 
higher. regulating and correlating centre of the extrapyramidal motor. 
systems, it should also exercise an inhibitory influence. on the lower 


motor neurones with corresponding evidences of hypertonicity if the ' 


restraining influence were ramoved. Thus both correlating centres, 
cortical and striatal, would exercise inhibitory control over their 
respective spinal centres, which, when abolished, would be followed 
by the phenomena of hypertonus. In the cortico-spinal system this 
would. take the form of spasticity, and in the strio-spinal system that 
of rigidity—both ‘spasticity and rigidity constituting a hypertonic 
condition of the musculature, presenting, however, certain PEENE 
features. 

There are many differences between these'two forms of hypertonus 
which would lend weight to the theory of a paleo-kinetic and neo-kinetic 
innervation of striated muscles. 

These differences in the character of the hypertoni; I nias are 


. dependent upon the relative representation of the two intrinsic con- 


tractile systems of skeletal muscles—the anisotropic disk system and 
the sarcoplasm: that of the disk system. (sarcostyles) predominating, 
in neo-kinetic motility, and the sarcoplasmic substance playing an 
important rôle in paleo-kinetic types of motility. 


In lower types of movements such as are represented in paleo-kimetic ' 
“ motility there is a large postural or tonic component greater than in 


isolated: synergic movements of cortical, origin where a finer individuali- 
zation of movement is required, with a consequently greater develop- 
ment. of the disk function. 

‘ In all forms of muscular activity both the ‘nie oka contractile 


` components are represented, but the higher differentiation of motor 


functions in cortical movement is produced by a predominance of the 
contractile or quick movement which is dependent upon the sarcostyles 
of the disk system. 

In the higher development of motility, as it is found in the motor 
cortex, there is a greater utilization of the contractile element as con- 
trasted with the tonic or plastic element in order to attain a more 
definite and discriminative control of movement. 

It would appear as if the higher differentiation of movement is in 
the direction of dissociation as compared with the more massive asso- 


-ciated movements of involuntary character which are largely engaged 
- in walkeng, running, posture, grasping, &c. In all such motor acts there 


istan enormous prepondefance of massive contractions ‘of a large number 
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of muscles in contrast to the more diversified, disseminated acts of 
cortical origin; the paleo-kinetic motility is preponderantly sarco- 
plasmatic, while the neo-kinetic motility has more the contractile 
character. For example, an extension of the index finger is produced 
by an isolated contraction of the agonist with simultaneous relaxation 
of its antagonist. A grasping movement of striatal origin, on the other 
hand, is characterized by a diffuse massive contraction of practically all - 
‘the muscles of the hand, forearm and arm, a form of movement which 
differs fundamentally from a dissociated movement of cortical origin. . 

Deformity—One of the most striking results of a lesion of the 
pyramidal tract is the deformity and attitude of the paralysed members. 

In unilateral lesions the attitude corresponds to what has been 
termed the Wernicke-Mann type of hemiplegia, viz., adduction of the 
arm, flexion of the elbow, pronation of the hand and flexion of the 
thumb and fingers. The lower extremity is fixed in extension with 
overaction of the triceps sure, producing the pointed toe deformity. 
‘The face is paralysed save for those muscles which act symuietrically, 
as the frontalis and orbicularis palpebrarum, while the emotional inner- 
evation is preserved. E 

A careful study of this form of paralysis with its associated spasticity 
will, I believe, demonstrate the loss of the neo-kinetic function of 
motility, the type of the spastic contraction corresponding to the release 
of the peripheral neo-kinetic systems, or that system of fibres which 
subserve the function of isolated cortical movements. 

A study of a large series of old infantile hemiplegias at the Craig 
Colony for Epileptics, in which the lesions were essentially cortical, has 
convinced me of the preservation of the automatic and associated move- 
ments on the paralysed side. . The paralysis is one purely of neo-kinetic 
motility. It is for this reason, I believe, that the extremities and chiefly 
their distal portions, and more especially the hand, show the greatest 
degree of paralysis and spasticity, as this portion of the musculature 
presents the highest degree of specialization in the realm of cortical 
movements. It also explains the relative freedom éf the trunk muscles 
and the root segments of the extremities which. are chiefly concerned 
with the automatic and associated movements of posture, gait, and 
station. 

Contrast, for example, the disturbances of gait, the difficulty in rising 
from the recumbent or sitting posture, and the paralysis of expression 
in paralysis agitans and the preponderant involvement of the extr®mities, 
and more eepecially hele distal portions in the ‘spastic palsies of cortical 
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origin. While both types of paralysis involve to some extent the whole ' 
skeletal musculature, that of the trunk and root segments predominates 
in the strio-spinal type and the distal portion of the extremities in the 
corticospinal type, due, as I believe, to the character and distribution of 
the ‘peripheral paleo-kinetic and neo-kinetic systems. 

Rigidity.—The rigidity of paralysis agitans differs in its quality and 


. distribution from the spastic. state, although presenting the common 


characteristic of a central hypertonicity, 

The increase of tonus is more uniform and cf a more waxy character. 
It is more plastic, and lacks the elastic quality of spasticity—the so-called 
¢clasp-knife rigidity—and there are none of the associated symptoms 
of increased contractility such as genus and exaggeration of the 
tendon reflexes. 


The deformity and attitude are also quite cifferent: as is evidenced . -~ 


by the slight flexion of the arms and legs, the bent head and body, the 


, mask-like expression of the face, ‘and the interosseal position of the 


hands.: -The alteration in attitude and the rigiaity of the trunk are very 
striking features when contrasted with the charactéristic ce of 
the extremities which characterizes the spastic state. ` 

, These peculiarities of the rigidity in paralysis agitans I would refer to 
the special function -of the paleo-kinetic system with its control over 
automatic and associated movements which are so closely related to gross 
movements of the extremities and trunk in their relations to posture and 
‘progression. Therefore, when the paleo-kinetic system is released from | 
the inhibitory control of the corpus striatum only those peripheral 
neurones which subserve the paleo-kinetic function of motility are 
affected with the characteristic distribution of the rigidity and 
evidence of a relative preponderance of the sarcoplasmic innervation, 

The paralysis of this group of cases is one of automatic and 
associated activities of muscles; and the isolated movements of 


“cortical origin are well preserved, being merely masked by the 


rigidity of the musculature. 
For in this dual innervation of the striated muscles (paleo-kinetic 
and neo-kinetic) a paralysis of either system, with its resulting hyper- 


' gonicity, sadly interferes with the functions of the other motor syatem; 


which may be quite intact. 

In advanced’ cases in which the hypertonicity: has reached a high 
degree, with fixation of the joints and tendinous structures, the remain- 
ing system may be practically useless although retaining its functional 
power. * 


a 


+ 


TRANSMISSION OF MOTOR IMPULSES IN PERIPHERAL NERVES 825 


_Tn this conception of a dual innervation, I would maintain that each 
skeletal muscle-may,be independently contracted through. one or the 
other system, and that the functional loss of either by causing hyper- 
tonicity ‘exerts a considerable interference . with the function of the 
remaining system. 

Therefore, in. the classical types of central hypertonicity, I believe 
there is strong corroborative evidence of the existence of two separate 
physiological systems for the, transmission of motor impulses in 
peripheral nerves. ; 

There is a neo-kinetic system for the transmission of isolated 
movements of cortical origin which has reached its greatest development 
in the extremities, and especially the human hand. For this reason the 
spastic contractures are especially pronounced in this portion of the 
skeletal musculature. The neural contiol of the anisotropic disk system 
has reached a higher degree of development in the neo-kinetic system 
` which is evidenced by the clonus, the more elastic quality of the rigidity 
and the exaggerated tendon reflexes—all indicating a greater develop- 
ment of the contractile element of motility, as contrasted with its more 

lastic function (sarcoplasmic substance). 7 

The paleo- -kinetic system, on the other hand: Seas a lower type 
of motility which is characterized by automatic and associated move- 
ments. and is presided over by the corpus striatum. This foim of 
innervation is preponderantly sarcoplasmic which harmonizes with the 
nature and quality of automatic and assoviated acts, hence the waxy 
rigidity of the hypertonus, the characteristic deformity, the “absence of 
. glonus and tendon hyperexcitability. 

Reflex activities in central types of palsy.—lf there exists in the 
-central and peripheral nervous system two great physiological systems 
of fibres for ‘the transmission of motor impulses of cortical and striatal 
origin one would expect to encounter certain reflex activities referable to 
one or the other of these two systems. i 

The specialization and differentiation of-the pathways ‘would, be 
accompanied by a corresponding development and specialization of 
„certain spinal reflex systems—the differentiation of a strio-spinal 
and cortico-spinal system’ developing simultaneously with a corres- 
ponding spino-neural mechanism. For it would be difficult to 


conceive of, a spinal mechanism which would functionate effectively - 


in the operations of motility without certain of its systems undergoing 
further. development to meet the requirements of the higher gentral 
functions. In this way reflex spinal activities would develop which 


. 
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would be related to the striatal and cortical functions: and would 
therefore represent a higher order of spinal mechanism than that ‘of 


‘the primitive segmental function of the cord. 


What is the state of the reflexes in paralysis agitans and do they shed 
any light- on the existence of a paleo-kinetic.system ? 
First, it is worthy ‘of emphasis that the ‘skin reflexes, e.g., the 


„plantar reflex, the abdominal and cremasteric reflexes, preserve their 
‘ integrity unchanged until a late period - of the diseage, when they may 


suffer some diminution from the purely mechanical conditions of rigid 
musculature. 

This preservation of the skin reflexes I consider of.gieat importance 
as indicating their probable relationship:to the neo-kinetic system. “It 
would appear that the paleo-kinetic system is not concerned with 
transmission of the impulses underlying the cutanéous reflexes. This 
form of reflex activity is apparently of a higher type, the afferents being 
probably related to Head’s epicritic system, and the efferents to 
the ‘central (pyramidal tracts) and peripheral neo-kinetic systems. 

The tendon reflexes are also preserved in paralysis agitans and, 


© asa rule, show ‘no special abnormalities. In those types of -the, . 


disease in which the tremor manifestations predominate, and there is 
but little rigidity, they are quite frequently exaggerated, but never 
to the same degree as in purely spastic states. z 

- There are never the- associated clonic manifestations, e.g., ankle 
clonus, pateliar and wrist clonus which characterize the spastic type of 


. hypertonicity, and -yet the resemblance of the spontaneous rhythmical 


tremor to the spastic clonus may be mentioned, as-I would refer both 
to the. activity of the disk system in contradistinction to the rigidity 
which is: ‘referable ,to me more plastic and tonic functiens of the 
sarcoplasm. 

As rigidity increases with the progress of the disease the paton 
reflexes undergo, some diminution, due apparently to the increased 
tonicity: of the sarcoplasm. . They can, however, nenally be elicited, 
even in’s late stage of the’ affection. 

The reflexes in spastic paralysis—After lesions of the cortico-spinal 
“systems (pyramidal tracts) the state of the reflexes is quite different. 

The abdominal and cremasteric reflexes are abolished, even when 
this system is involved in the cerebral cortex itself. This would appear 
to show that these reflexes have long reflex arcs which pass to the 
cerebual cortex by way of a cortical afferent system, the-efferent ipul 
‘then descending the mdtor tracts to the eos 
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‘ ‘According to my conception these impulses would pass to the cortex 
by way of Head's epicritic system, and then descend to the pyramidal 
tracts and the ned-kinetic system in peripheral nerves. 


The same is true of the normal plantar reflex. In pyramidal tract . 
> disease this is replaced by the Babinski responses which I believe is of 


striatal or strio-spinal origin’ “This is an older type of plantar reflex 
which is present in the newborn, and later is replaced or inhibited by 
the further development of cortical control. 

Other reflexes which are elicitable in pyramidal tract disease, such as 
' the combined flexion of the hip, knee and ankle (Strumpel's tibial 
` phenomenon) I believe are. also,of striatal origin and reproduce the 
stepping movement which is one of the automatic associated functions 
.of the corpus striatum—the strio-spinal mechanism. 


Very striking is the great exaggeration of' the tendon and periosteal . 


reflexes in spastic states and the various clonic manifestations, viz., 
ankle clonus, patellar and wrist clonus. . 

These phenomena I would ascribe to the greater activity of the 
sarcostyles in the isolated movements of cortical origin, so that when 
released from» inhibition there results a greater reflex twitch reaction 
‘than -when the extrapyramidal system suffers a similar release. It is 
possible also that the sarcoplasm plays’ a more subordinate rôle -in 
cortical activities which would allow a greater freedom of the twitch 
contraction. i 

‘It is also not without significance that the exaggeration of reflexes 
ig greatest in the extremities and especially the distal portions, which 
. would correspond to the highest development of cortical movement. 

i In pyramidal tract disease, it is interesting to compare the exquisite 
exaggeration of the tendon and periosteal .reflexes of the hand which 
` represent pay excellence the highest cortical function of motility with 
those elicited from the trunk or cephalic extremities; and also the 
distribution of the hypertonicity in spastic. states to the distribution of 
. the various tendon and periosteal reflexes and their very evident terri- 
torial relationship to the muscles subserving the highest functions of 
_ cortical motility. 


It would therefore appear that .in the various reflex activities which 


accompany palsies of .strio-spinal and cortico-spinal origin, there is 
perhaps also some confirmation of my hypothesis of a paleo-kinetic 
and neo-kinetic system for the PODENI of motor impulses in 
peripheral nerves. . ; ° 


828 ORIGINAL ARTICLES AND CLINICAL CASES 


CHAPTER V.—Conctupina REMARES. 


In the oluka of the nervous system progress in the domain of 
motility is represented by the development of certain fundamental types 
of movement long recognized by physiologists. 

This evolution in the sphere of motion shows very clearly the 
struggle of the organism to acquire a greater independence of action in 
relation to the outer world.: Simple reflex motility was followed by 
the ‘more elaborate type of automatic and associated movement and this 
in turn was succeeded by the highly specialized movements of cortical 
origin. 

Primitive reflex motility is purely spinal and is ‘referable to the 
various units of the segmental nervous system. 

Movements of the isolated synergic type are cortical in origin and 
are subserved by a c¢ortico-spinal system, the pyramidal tracts. 

I have already presented evidence for the assumption that automatic ` 
and associated movements are subserved by a strio-spinal system, the 
controlling mechanism of which 1s the corpus striatum and the 
conductive pathways, the extrapyramidal motor tracts. ® 

Thus there are spinal, strio-spinal and cortico-spinal types of 
motility, all associated and working together harmoniously and repre- 
senting different stages in the development of the nervous system. 

According to the hypothesis formulated in the present study these 
subdivisions are not confined to the central nervous system but ‘are 
continued as such in peripheral nerves. The peripheral motor neurones 
would therefore include two separate and distinct physiological systems 
related respectively to the stvio-spinal and the cortico-spinal systems. 

The older of these, the paleo-kinetic system, is engaged in the 
transmission of the motor impulses of automatic and associated move- 
ments, while the more recent neo-kinetic system conveys the motor 
impulses of cortical origin. 

In other words, with the specialization of the central pathways 
there has been a corresponding specialization and differentiation in 
. peripheral nerves, with the development of separate systems of fibres 
for striatal and cortical functions. I would therefore recognize a 
continuous cortico-spino-neural system subserving a neo-kinetic function 
and a strio-spino-neural system subserving the function of Eee ens 
motility. 

Fog reasons which have already been expressed I regard it as highly 
probable that these two systems present anatomical differences which 


7 , 


TRANSMISSION OF MOTOR IMPULSES IN PERIPHERAL NERVES 329 


explain their respective- reactions to injury—the nerve-fibres of the 
~ neo-kinetic system presenting a higher degree of specialization than 
those of the paleo-kinetic system, thus causing a greater vaneravinny 
` and lessened regenerative eapacity. 

It is, I believe, not without significance that Henry Head has 
reached somewhat similar conclusions after an exhaustive study of the 
afferent system, for specialization and differentiation in both the motor 
and sensory, spheres would naturally follow similar pathways in the 
upward struggle of the organism. 

It is my belief that these two motor systems are associated with the 
development of corresponding reflex activities, so that strio-spinal and 
cortico-spinal types of reflexes may be recognized. The differentiation 


of each system is therefore associated with a corresponding differentia- - 


_ tion in the spinal mechanism, which may express itself in the form of 
special forms of spinal reflexes. 

It would also appear that certain differences in the two classical 
types of central hypertonus, spasticity and rigidity—e.g., the distribution 
and nature of the palsy, the associated deformity, the character of: the 
hypertonicity and the alteration in reflex activity—may be explained on 
the basis of their relationships to the neo-kinetic and paleo-kinetic 
systems. 

Of special aert is the apparent, preponderance of the disk system 
or sarcostyles in neo-kinetic motility as contrasted with that of the 
sarcoplasmic function which predominates in paleo-kinetic motility. 
This suggests that the more highly specialized forms of movement may 
be associated with an increased functional activity of the disk system. 

Much that is now obscure in the occurrence of so-called associated 
movements following various types of central lesions will, I believe, find 
their explanation in the conception of a strio-spinal and cortico-spinal 
system. 


Certain associated movements represent simply the detail of the-. 


original bilaterality of cortical movements which have undergone 
suppression in the infantile period, while others are frankly related to 
‘the striatal mechanism. 

The close relationships of the cerebellar function to motility is 
recognized by all observers. According to the best authorities the 
cerebellum is an organ which controls muscle tonus and the synergies 
of movement and is closely related to posture and equilibrium. In 
recent, years, considerable attention has been piren to the question of 
cerebellar loos aten: f : Ps 


` 
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It will, I believe, be fruitful to consider this organ in its possible - 
relation ‘to a paleo-kinetic and neo-kinetic function. 

In all forms of motility two components are readily recognized—a ` 
kinetic and a static or postural. 

The kinetic component is the movement proper, while the static 
component is‘ that plastic quality of muscle which maintains posture. 
Posture.is present both during rest and during movement, for in every 
active movement there is a certain stability or postural element which 
is an essential part of the motion complex. 

Here, again, I believe two great functional divisions may be recog- 
‘ nized subserving a strio-spinal and a cortico-spinal postural function— 
the essential organ for the control of which would ee to be the 
cerebellum. 

According to this conception, there is a palés-darobelluzd wli 
controls the postural or static function of automatic and associated 
movements and a neo-cerebellam for the postural control of ‘isolated 
synergic movements of cortical: origin. š 

Comparative neurologists have long recognized the existence of a 
paleo-cerebellum and s neo-cerebellum, the cerebellar hemispheye 
increasing in size and importance wih the development of the cerebral 
cortex. f 
The intimate relation of the cerebellar hemispheres of the cerebrum 
is also shown by the existence of tracts passing between the cerebral 
cortex and the pọntine nuclei which afford direct connexions with the 
contralateral cerébellat hemisphere. ; 

I would therefore advance the theory that the postural or ‘static. 
component of movement is controlled by the cerebellum and that here 
also a paleo-kinetic and neo-kxinetic function may be recognized, -the 
one standing in relation to the strio- spinal system and the other to the 
cortico-spinal system. 

/ The -paleo-kinetic and the neo-kinetic types of motility would 
therefore be represented by distinct physiological systems in both the 
central and peripheral nervous systems, inclusive of the qere pela 
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‘space as perceived with the eye. In the literatures ‘of muscular sense - 


OBSERVATIONS ON THE SENSUAL ROLE OF THE 
PROPRIOCEPTIVE*NERVE-SUPPLY OF THE EXTRINSIC 
OCULAR MUSCLES. ' 


BY ©. 8. SHERRINGTON. 


‘Tue rich supply of afferent nerve-fibres existent in the muscles 
which move the eyeball invites inquiry as to what may be the contribu- 
tion which these nerves make to visual reactions. Their reflex function 
should, like that of other proprioceptives, relate to the adjustment and 
maintenance of postures. Ocular posturing, such as the adjustment and 
maintenance of the gaze, is delicate and almost continual throughout the 
waking day. And the afferent nerves from muscles, as is known of them 
from other muscular fields, yield besides their purely reflex taxis of local 
posture and movement, sensory impressions which are the basis ef 
perceptions of postures and movements, in short subserve muscular 
sense. Muscular sense being, along with vision, touch, and the 
“labyrinthine ” sense, a chief source whence the mind manufactures 
sensual “space,” the above is tantamount to saying that the proprio- 
ceptive nerves of the eyeball muscles may be expected to contribute to 


and of visual perception one does not however find, at least so far as my 
acquaintance with those literatures reaches, much advertence to a spatial 
rôle for the eye-muscle afferents, and if advertad to, such a rôle for them 
is often not acceded to. For this attitude of negation towards them, two 
circumstances are probably largely responsible. The spatial endowment 


of the retinal sense itself is of such pre-eminent and exquisite degree that 


it has seemed, especially under more recent investigations, a sufficient 
source in itself for almost every spatial attribute of vision. The 
likelihood therefore that adjuvant factors of non-retinal origin make 
any important contribution to visual space has seemed small. Again, 
the demonstrated existence of a wealth of afferent nerve-fibres in 
the eye- -muscles is & discovery of comparatively recent date. At the time 
of the studies of visual space-perception by Wells, Panum, Lotze, Aubert, 


Hering, and others, the, possession of muscular sense by the eye muscles, 


alfhough on general grounds probable, had no proven neurological basis. 
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Yet, that a sense-datum derived from ‘the external muscles of 
the eyeball does furnish factors of importance in visual space, even 
in uniretinal vision, is, I think, demonstrable by extremely simple 
experiments. Recourse to certain old and often repeated observations 
seems sufficient to show this, if the findings be reconsidered from the 
proprioceptive standpoint. 

An observation of such a kind is the following : With the head erect 
let three spots A, B, C, be looked at directly in front, for instance, on a 
bare wall across the room. Let us suppose one eye only to be used, the 
other closed, Let the three spots be equally spaced and in one vertical ; 


and suppose the middle one B the point of visual fixation, and = 


the level of the eye so that the eyeball is in the so-called “ primary ’ 

position. Suppose A to lie above B and C below B. The spots are 
perceived as.forming one vertical. How is their verticality recognized ? 
An answer’ often accepted is as follows: The spots. stimulate three 
retinal points a, 8, y, the mental reactions attaching to which give 
sensual ‘‘verticality’’ as an attribute inherent in the perception of 
those points taken as a group. ‘Let us test this statement. Without 


moving the head, let the eye be directed toward three ‘similar spots., 


A’, B’, C’, on some other part of the wall, say higher and to the right, 
‘ and lying in one vertical, and let the middle'one B’ be fixated. 

For strict demonstration the plane surface toward which the gaze 

is directed should, as in the strict demonstration of Listing’s law, be 

perpendicular to the line of vision, which it. will not be if the wall is 
' used for the secondary eye-posture as well as for the first. ‘The well- 
known slight “‘ perspective” deviation then complicates the Listing so- 
called “false ” torsion. A flat screen set perpendicular to the direction 
of the visual line in the secondary posture chosen for the eye obviates 
this. i . 

“Then these — spots are perceived likewise. as situate in one ver- 
tical. But Listing’s law of the postures of the eyeball tell us, and 
its demonstration proves to us, that in this second case, although the 
spot B’ stimulates the same `retinal point 8 as did. B, the spot A’ 
does not’ stimulate the retinal point a as-did A, but a retinal point 
a’ lying to nate of a, and the spot © does not stimulate retinal point 
y, but a point y- lying to left of y. 

We have therefore on the above offered explanation a dilemma. 
The explanation says that an inherent quality -attaching to the three 
retinal points a, 8, y, gives them as a group verficality in visual space. 
Tt says the same of three retinal ‘points a’, 8, y' which lie in a retinal lfne 
inclined to‘and crossing at £ the line formed by a, £, Y. 
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If it be doubted that -the line of retinal points stimulated by spots 
A’, B’, © is really oblique to and crossing tke line of retinal points 
stimulated by A, B, C, we have only: to obtain the after-images. of 
A’, B’, C, and turn the fixation of the eye back to B. The projected 
after-image of A’ then appears to the left of spot A, and the after-image 
of C’ to the mght of C, and the line connecting the after-images of 
A’ and C’ runs obliquely through B gnd appears no longer vertical 
but at an angle to the vertical. Though seen as vertical when the 
eyeball was in the secondary position, namely, gazing upwards and 
to the right, it is now, with the eyeball in the primary position, seen 
as if ıt had undergone an anti-clockwise rotation round its middle point. 

. Conversely if the after-images obtained in the primary ocular position 
from spots A, B, C are projected when spot B’ is fixated, that is with 
the eyeball in the given secondary position, the line they form no longer’ 
appears vertical, but is seen as inclined to and crossing the vertical line 
formed by A’, B’, C’, asif it had suffered a ee ckwise rotation round its 
middle point. i 

Thus it is clear that verticality is ‘ao unalterable iee sense- 
datum attaching to the retinal point-group a, 8, y, as such; for, though 

-in one position of the eyeball that group says inalienably’ “ vertical,” 
in another position of the eyeball it says “inclined to the vertical,” 
namely, in this particular case, upwards and tc the mght., And the like 

` is conversely true of the other line of retinal points a’, 8,7’. Indeed, as 
the ordinary after-image method for demonstration of Listing’s law 
shows, there is no oblique posture of the eyeball in which the after-images 
belonging to A, IB, C, do appear truly vertical. When the gaze is > 
upward to the left the row they form leans up to the left, when the gaze 

` is downward to the right the row leans downward to the right, and when 
the gaze is down to the left the row leans downward to the left. The 
inclinations are in fact both in sense and degree those of the well-known 
findings that demonstrate Listing’s law. 

The spatial reference, therefore, of a rectilinear row of retinal 
points, e.g., a, Ê, y, says “vertical” conditionally. What condition 
decides it to affirm verticality in some circumstances, non-verticality in 
others?: In other words, on what factors is based its decision dis- 
criminating between vertical and non-vert:cal® For simplicity of 
statement the discussion may be restricted to the one experiment 
where, firstly, the vertical row of spots, A, B, C, is fixated, and, secondly, 
the cae is then, withgut other movement than that of the eyeball, 
‘tuvhed upward to the right for observing the projected after-images. 
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The first stage of this, experiment may be called obs. 1, the second 
obs. 2.1 What is the difference of sensual conditions obtaining between 
obs. 1 and obs. 2 respectively ? 

Evidently the only essential difference between them is that the 
posture of the eyeball has changed. Unless we suppose that the eye- 
_ball-muscles, unlike all ‘other striped muscles, are unprovided with 
muscular sense, the new' posture which they have assumed, and given 
to the eyeball, must be registered and perceptible. And the presumption 
is high that these muscles aré liberally endowed with muscular sense, 
for they are known to be supplied copiously with proprioceptive 
nerves—the very system of nerves which in other muscles is the basis 
of muscular sense. If in an entirely dark room we direct the eyeballs 


in this direction or in that, we, although without retinal guidance, are ' 


still aware of the directions given to the eyeball. And this is so even 
when the whole front of the eyeball and the inner surface of the lids 
have been rendered insentient by cocaine. The direction of the eyeball 
is then judged almost as accurately as with use of the retina in the 
undarkened room. Such appreciation of the posture of the eyeball 
must be attributed to muscular sense. The éxperiment under discussion 
may therefore be stated thus: In obs. 1 the sensation from the retinal 
point-group a, 8, y, is accompanied by a muscular-sense impression p 
from the extrinsic ocular muscles, an impression attributive to their 
postural state at that time, namely, to the so-called primary position 
of the eye.. In obs. 2 the similarly evoked retinal sensation from the 
same retinal point group is accompanied by a muscular-sense impression 
from the eye-muscles which is not p but p', attributive to a different 
postural state obtaining in them, namely, that of the given so-called 
secondary position assumed by the eyeball in obs. 2. The sensual 
complex is different, and the resulting perception differs accordingly. 
Evidently what we might suppose at first acceptance to be a purely 
visual perception is, in fact, the result of a fusion of retinal sensation 
with eye-muscle posture-sensation. 

Granting this, can there be distinguished in these perceptions, 
which we may still call visual, the spatial elements which are purely 
retinal from those to which muscular sense is adjuvant? Let us leave 
aside, as not germane to the present question, perspective and third- 
dimensjonal features, as far as any such attach to these observations, 
arranged as they are to be as stripped of them as practicable. The spatial 
features then attaching to the perceptions-are „briefly as follows: In 
obs. 1 (1) three spots of a certain size and shape; (2) situate eqhi- 
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distant; (3) on one rectilinear axis; (4) which axis is “vertical,” and 
(5) directly in front of the observer. If any of these features persist 
from obs. 1, unaltered into obs. 2, we may- infer securely that muscular 
sense of the eyeball muscles is not involved in them. Of the above 
five features (1) (2) and (8) do continue unaltered in obs. 2; they are, 
therefore, space-attributes of purely retinal’ origin. But (4) and (5) 
have undergone modification in the perception belonging to obs. 2, as 
compared with that of obs.1. The row of spots, as seen in obs. 2, is 
no longer vertical, as it was in obs. 1, but’is inclined to the vertical. 
And in obs.'2 the row is'seen not directly in front of the observer, as in 
obs. 1, but is seen above and to the right. Therefore (4) and (5) are 
based on fusions of retinal sense with ocular-muscle sense. ‘They may 
be called: visual because natively apprehended to be such, bpt; their 
source is not purely retinal. 

A tactual analogue may serve in illustration. Let three ie say 
the prong-tips of a trifid fork, be set against the skin, e.g., of a finger; 
by some other: person and with one’s eyes closed. One can perceive - 
tactually not only. that the points are three, and that they lie equidistant 
in one straight line, but, with approximate correctness, the orientation 
af that line to the 'vertical—also, of course, the whereabouts in the field 
of reach of the hand at which the touch is met. In this case the 
contribution made to the spatial perception by the muscular sense is 
well known and no longer debated. The recognition of the whereabouts 
in the arm’s -field of reach is based on the muscular sense of the arm, 
. which tells us the arni’s posture, e.g., whether outstretched or not, 
whether outstretched to right or left when the touch is met with, &c:` 
So also with the recognition of the orientation to the vertical of the 
line of the ‘three touches. Thus, if the line of the prong-tips be set 
parallel with the finger’s long axis, and the finger be vertical when the 
toughes ‘are received, we perceive the line of touches as “vertical,” 
The postural muscle-sense of the arm, including: the finger, is here, of 
. course, the factor which gives the touch-row verticality. If the finger 
be horizontal when the same three skin-points are touched, the touches 
Bay “horizontal.” Although the touch-loci have not been changed, the 
concomitant.muscle-sense datum—the finger posture—has changed, and 
` the touches now report “horizontally,” e.g., of the line of prong-tips, 
where formerly they reported “ vertical.” a 

` The analogy between the tactual and the visual results is. obvious. ` 
Farther, the -tactual example makes perhaps more evident another 
seħsual factor involved similarly both in its own‘ and in thé visual 
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problem, a factor whose iiaa was postponed for the time being 
in the above statement of the two cases. The evaluation of the posture 
of the arm in relation to surrounding objects is based upon. two sets 
of proprioceptive data. The impulses from the proprioceptive nerves of 
the limb itself originate the sense-data concerning the posturing of the 
limb itself, the local posture as it has been termed. But at the same 
time the proprioceptive nerves of the rest of the body, and especially 
those of the gravitational labyrinth, are registering the attitude of the 
whole body and its orientation to the vertical. Perception of the local 
posture of the limb, e.g., whether 1ts pose is flexion or extension, gives 
no definite knowledge of its orientation unless there is concurrent 
perception of the attitude and orientation tô the vertical of the rest of 
‘ the body of which that limb is an appendage. If one leans the trunk 
to the right, extension of the right arm thrusts the hand toward the 
ground; if one leans the body to the left, extension of the arm thrusts 
the hand away from the ground. To orientate, therefore, by a touch 
with the hand the position,in which an object lies, the local muscular 
‘sense of the limb is not enough; there must be combined with it the 
proprioceptive perception of the posture and gravitational orientation 
of. the rest of the body. The previously made statement of the 
perceiving of the whereabouts of the fork-prongs relatively to oneself 
has to be amplified as to its factors. In addition to T, the three touches, 
with purely tactual local signature, and to the sense-datum given by 
the arms, including the finger’s, own posture, there is a third, P, the 
sense datum.of the attitude and gravitational orientation. of the rest of 
the. body. §o similarly in perceiving whether the row of touches isin 
a vertical or a horizontal line. The factor p, the local limb posture, 
says nothing decisive about verticality unless combined with factor P. 
But in the instance cited above factor P remains unchanged throughout 
the observation, as also do the three skin-points touched., The only 
change is p, the posture of the limb, i.e., the finger; the line of the 
touches is perceived vertical when the finger is‘ vertical, horizontal 
when the finger is horizontal. 

Returning to the visual observations, a like explanation holds. 
The sense-datum derived from eyeball muscles gives the “local ” posture 
of the eyeball, i.e., the attitude of the eyeball in relation to the head. 
But in order to evaluate the direction in which the seen object appéars 
the sense-datum p of the ‘‘local” posture of the eyeball in the head is 
not enough. With it must, be combined the sense-datum P of*the 
posture and gravitational orientation of the head itself. . The. sense 
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datum p is indecisive as to the “ direction” from the seeing self of 
~ the thing seen, and about the relation of a seen line to vertivality, unless 
it be linked to P. But throughout the instance of visual observation 
which was chosen for discussion P remained unchanged. The head 
was fixed and the direction of uniocular gaze was shifted only by 
shifting in the orbit the local posture’ of the globus. Also, as said 
above, the three retinal spots were throughout the observation the same 
spots. The difference of spatial attributes between the perceptions 


‘ belonging. to the two stages of the observation are therefore due to 


change in the factor p, i.e., the sense-datum from the ocular muscles, 
the only factor which does change. The change observed in spatial 
attribute of ,the perception was twofold. In the first part of the. 


. observation the three spots appear directly in front of oneself, in the 


‚second part they appear to. the right and above. In the first part they 
report the line they lie in to be vertical. In the second part they report 
it inclined, i.e., obliquely upwards to the right. Muscular sense 
attributive to the extrinsic ocular muscles is therefore a source of 
certain of the space-attributes of visual perception. It contributes 
to perceptions of-the direction of the regarded object as projected by fhe 
observer. It is also one of the factors deciding the apparent verticality 
of a visual line or of that line’s degree of obliquity to the vertical. l 

Lotze, when introducing the now Gencrely adopted term ‘ local sign,” 
wrote luminously, “by ‘local sign’'I mean that the position of the 
stimulated sensual point acts: on the mind.” The term in its practical, 
application to-day has come, however, to be employed for something 


_ more restricted than spatial reference as @ pure generality. It is 


employed for spatial’ reference to a locus in that combined space-system 
_ composed from the so-calléd spatial senses, e.g., vision, touch, muscular 
and labyrinthine senses. Indeed, it seems inappropriate to use it for 
spatial attributes not referred to that common system of 80-t0-Bay 
ordinary workaday sensual space. Henry Watt’s theory of a spatial 
reference constituting the basis of tonal pitch conceives a space reference 
not orientated, in the common workaday space-system of the other 
senses. In Watt’s view tonal pitch is an ordinal arrangement of space- 
signs giving merely degrees of distance between sensations of auditory’ 
“modality and so generating impressions of movement’ but wholly devoid 
. of orientation of position in reference to space perceived by us through 
- other senses. To call the spatial reference in such a case “local sign’? 
seems inadvantageous, $ 
« But the space-reference of vision has always orientation: in common 
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sensual apace. If the position of the stimulated sensual point acts, as 


„Lotze said, ‘on the ‘mind, e.g., in the retina gives visual local sign, it 
‘may be expected that where muscular, action determines, as with the 


retina, the position of the stimulated point, a muscular-sense org will 
intrude itself into and be; so to say, contained in the “local sign.” 

Two degrees of visual localization have been long discriminated. . The 
one, localization relative to the fixation point; the other, localization of the 
fixation point in reference to the observer. ‘he former is often termed 
“ relative ” localization, the latter “absolute” localization. The simple 
observations forming the theme of this paper argue that the principle 
underlying the difference between these two kinds of local sign in vision 
is that muscular-sense is a factor in the one and not in the other. That 
muscular sense is not a factor in relative local sign is tantamount to a 
recognition that wheie the space-relation betweeh one sensory point and 


another cannot be altered by a muscular act, that muscular act contri-. 


. butes nothing sensorial to the perception of the space-relation between 


TALE 


the points. The extrinsic muscles of an eyeball move and posture that 
eyeball’s retina as a whole and cannot alter the mutual space-relations 
beween points composingit. In the observations adduced in this paper 
the sensual line of points retains its intrinsic pattern unmodified by the 
posturing of the eyeball. The relative local signature of those points 
is unaltered by altering the muscular sense Soncem ant in the percep- 
tions. Such local signature may be termed “‘ pure retinal ” local sig- 
nature, because able to be regarded as Ceres to, the retina itself 


purely. 


Lotze, it will be remembered, diere upon, ‘indeed , raised, the 
interesting question’ as to how the retina has come to be endowed 
with its “‘ relative,” or as termed above, “ pure ” local signature. That 
question is no part of our problem. But the view he advanced does 
possibly affect the suitability of the term “pure retinal” signature as 
equivalent to “relative” local signature. It does so because Lotze 
attributed the genesis of relative local sign to central sensations of 
eye-movement and sensations of effort accompanying or forerunning 


‘those. He argued that in the retina the distance and direction from the 


fovea of a peripheral point has become established as a sensé-attribute 


‘to that point owing to accumulated experience of the degree and 


kind of central motor discharge necessary for moving the fovea so as to 
receive the. objective image previously-received by the peripheral point. 
He supposed in short that the “relative local sign” attaching "to a 
retinal point has its origin in a long history of experience of muscular 
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sense—hot muscular sense a8 now usually understood with the com- 
_motation of peripheral proprioceptive source, but muscular sense in 


that older and now less prevalent acceptation, implying a ,“ central 


“sensation” gauging the degree and direction of motor discharge.. 
Lotze’ 8 view is adverted to here merely to make clear that its appeal to 
.a kind of muscular sense in its attempt to explain the genetic history of 


“ relative” local sign is rot touched by the argument we, are now 


.. following. , Hering explicitly denied to muscular sense any share either 


in relative or.in absolute local sign. As regards relative local sign, 
apart from its possible past genetic history, on which this paper has 
nothing to submit, the argument of the present paper is in ne 
with Hering. 

‘But with regard tò absolute local signature the case is different. . 
The principle emerged above that where a muscular act cannot alter the ~ 
.space-relation between two, receptive sensory points, its proprioceptive 
sensation does not affect or enter-into the perception of that space- 
relation. Conversely; where a muscular act does alter the space-relation 
between two such points its sensation does enter in the perception of 


` that space-relation. 


” There i isa spatial point in the head which Hering termed the “ ‘ileal 
point of vision.” ‘The head, or more exactly the place where, with 
reference to the object. viewed, we imagine our head to be, forms the 
centre of visual perception.” The position of this point. may be de- 
fined as corresponding with the centre of rotation of Hering’s cyclopean 
eyé, or briefly paraphrasing, the cyclopean point of outlook. Though a 
subjective point, it corresponds with. a material point ; this latter, as ` 
Hering showed, lies in the mid-sagittal plane of the head. And in that 
plane its position is where that plane is intersected by a line joining the 


‚centres of rotation of the two eyeballs right and left. The movements 


and postures executed by the extrinsic ocular muscles affect the spatial 
relation between their retina and this material point. ‘Therefore, into 
the visual space-signature which refers to spatial relation between the 


‘ perceptual object and the’ point of visual outlook, there will enter. the 


muscular sense attribute of the movements and postures executed by 
the extrinsic ocular musclas. Hence, in the observations cited above,- 
a change confined to alteration of the posture of the eyeball brings a © 
change in the “ absolute ” local signature, a change in the spatial refer- 


' ence of the retinal point. The sensation pertaining to the stimulated 


retin&l point is projected to æ locus in sensual space surrounding! the 
subjective point of outlook, and that: locus shifts with shift in the eye- 
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ball’s posture. The absolute local signature has therefore in it a mus- 
` cular senge factor derived from the extrinsic ocular, muscles. 
There remains obviously a further element.in visual space-assign- 
ment. Lotze says, were vision our sole sense our visual field would be 
' an expanse without upper or lower or right or left, and for the same 
reason that no one in thinking of the universe as a whole regards ıt as 
being erect or vertical or horizontal, inclined, &c. Yet, in visual 
perception, among the seemingly, elemental features of it are verticality, 
horizontality, &e. We have to consider on what this orientated nature 
of visual space is based. In the simple observations, the subject of 
this paper, when the retina has passed from the primary visual posture 
to the oblique secondary, and by so doing has arrived at a posture 
exhibiting the so-called “false-torsion” of the authors, objective 
verticality is still perceived, although through partly a ‘new lne of 
retinal points.. The only other change in the conditions of the obser- 
vations is the’ altered muscular state and altered muscular sensation 
attaching to maintenance of the eyeball in its new posture, namely, 
the oblique setondary posture. 
. That is a proprioceptive factor. Now, obvious considerations urge 
that the main agency by which the environinent impresses upon sense 
its orientation translated by the mind as right-side-upness or deviations 
therefrom, is gravitation, i.è., the direction of the line of gravity. This 
, seems indeed the only direct environmental influence by which that 
orientation becomes an immediate sensual datum. It is the only one 
which in so far as concerns that orientation causes reflexes directly and 
per se. In some fields of musculature gravity undoubtedly affects 
physically ‘the muscular reactions in considerable meagure, although 
whether reflexes or sensations are thereby excited is as yet insufficiently 
known. But the muscles of the eyeball constitute a field of proprio- 
ception which gravity can hardly affect more than so slightly as to let 
one suppose its influence there must be of negligible degree. There is, 
however, an organ, the otic labyrinth, definitely reacting to gravity. We 
know that organ to be the source of postural reflexes employing the 
extrinsic eye-muscles. The proprioceptive mechanism of the eyeball 


muscles is therefore yoked with that of the otic labyrinth in reflex . 


action. Following the principle established in like cases, the inference 
is that the sense-impressions of the two are likewise associated. This 
means that the orientation of the retina in space in regard to the line of 
gravity, that is to say in the mind in regard to verticality, results from 
co-operation between the special gravity sense-brgan and the muscular 
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sense of the orbital muscles. , The so-called primary position of the eye- 
ball is therefore a posture in which the extrinsic ‘ocular muscles co- 
operate with the otic labyrinth, and the perception of that posture is 
based on sense-data from both those sources. That posture, however, 
because it ıs sensed visually, is perceived by the mind not as a state; of 
the svete but as a state of the external world, of the world as seen ; 
it is “projected.” 

It appears, so far as space orientation is waai asa direct percep- 
tion of the orientation of the external world. In the observation above 
the verticality of the line seen by the three retinal points in the primary 
eye-posture. has therefore an otic and an ocular muscle factor combined 
in it.; That a change as regards verticality occurs for those same three 
retinal points when: the eye-posture becomes s secondary oblique one, 
` although the head and therefore the labyrinth posture remains un- 
changed, shows that in the visual perception of verticality the otic 
' labyrinth datum is so bound up with the proprioceptive datum from the 
eye-muscles that the latter is a condition for the meaning of the former. 
Visual local signature as regards the spatial orientation connoted by 
verticality and deviations therefrom is therefore compounded of at least, 
three factors, namely, retinal, proprioceptive ffom the extensive eye- 
muscles, and otic labyrinthism. There is almost certainly a further, 


“though probably minor, factor |in it, and that a proprioceptive one, 


with its source in the muscles of the neck. Recent:experiments by 
de Kleijn (Archives néerlandaises de Physiologie, tome ii, Pp- 644, 1918), 
show that in the rabbit alterations in the posture of the neck, especially 
of the two uppermost segments, provoke and maintain definite postures 
of the eyeballs. These he determined after previous extirpation of the 
otic labyrinths. They resembled those provoceblé from the labyrinths 
themselves, and like those latter were, so to say, in the interest of 
retaining the retina in the position from which the altered posture of 
the head displaced it. Sensory impressions of neck-posture have there- 
‘fore probably to be added to the factors implicated in visual perception 
of orientation as regards verticality and inclinations thereto. 

The above simple observations have been confined. to uniocular 
vision in order.to render description and consideration of them more 
easily ‘given and more clearly followed. But the instances cited, though 
individual cases only, are of widely applicable type.’ The upshot of 
similar binocular observations is similar and similarly explicable.. In | 
binocular observations the greater intrusion of the third dimension 
makes the problem mor complex but at the same time enhances its 


4 


THE PROPRIOOEPTIVE NERVE-SUPPLY OF THE OCULAR MUSCLES 843 
, 4 ? 


interest. Al, however, that is attempted here is to call attention to 
` some simple yet cogent evidence of an important contribution made 
by the proprioceptive nerves of the external ocular muscles even to 
uniretinal space perception. It is not. that such contribution is unex- 
pected. On,the contrary it is but what on grounds of analogy with 
other organs, e.g., the hand, we should expect. In so saying, the word 
“organ” seems preferable to the word “sense.” If we state the 
analogy as one between visual perceptions and other specially 
endowed perceptions, such as tactual, we run a risk of possibly 
obscuring what is one of the objects of this short paper to make 
clear. For: what the paper desires to insist upon is that the spatial 
perceptions under discussion are not purely’ visual, but are in fact, 
though such nomenclature would be ,cumbrous, visuo-musculo-laby- 
rinthine, and their analogy is with tactuo-musculo-labyrinthine. 
Finally, apart from subscribing or not subscribing to the general 
doctrine of psycho-physical parallelism, there is a conviction which 


‘. the neurologist studying the taxis of the nervous system cannot but 


derive. .If in the sensation or perception which belongs to a particular 
act ‘analysis reveals components derived from nerves of two or more’ 
sensual species, the taxis, even though subconscious, of the muscles 
employed in that act, whether movement or posture, will likewise in- 
volve the co-operation of those same two or more species of afferent nerve. 
Hence, in the ocular reactions discussed, -impairment of the muscular 
sense of the eye muscles will impair not only the spatial perceptions, 
but also the taxis, the spatial reaction, even the subcongcious and purely’ 
reflex taxis, of the eye-movements and eye-postures normally accom- 
,panying the perceptions. The proprioceptive afferents of the eye- 
muscles at their exit from the central nervous system are, unlike 
the proprioceptive afferents of most muscles, not separated from the 
motor fibres. This makes a difficulty for the experimental investigation 
of the infinence which their destruction would have upon the movements 
and postures of the eye. They cannot for experiment be severed apart , 
from the motor fibres themselves. But in tabes we have a disease which 
attacks systematically the "proprioceptive afferents, and spares at least. 
for long the motor fibres. For the problem touched in the present 
paper it seems significant that squints, often transient in’ character, 
are not infrequently an early fedture of tabes. 
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“To-NIGHT we hold the first meeting of this Section after the close 


‘of the greatest war in the history of the world. We have scarcely 


wakened from the long nightmare in which for more than fout years we 


have lived, As with many of its victims, who came under our care, the 
: horror has been so oppressive that the dream still haunts our first 


waking hours. , We of all members of the community have cause to 


‘recognize that this victorious peace has been won by the sacrifice of 


innumerable young lives; and for us older men the future must be 


dedicated to making the world a better place for those who are to take 


up our burden. 
It was of these young men I was thinking when I meditated the 


subject of my Presidential Address. For it is exactly twenty-six years’ 


since I had the honour of reading my first paper, on “Pain in Visceral 
Disease,” before the Neurological Society. Looking back over a quarter 
of a century, it seemed to me that I might employ my discourse most 


“profitably ‘by considering certain. principles, which underlie the stand- 


point of neurology to-day. I am not going to weary you with an 
historical epitome. In this quarter of a century there have been. no 
startling discoveries; but I believe that to-day the outlook of the 
younger generation is fundamentally different from that in which, we 
were brought up, and I shall attempt to indicete the direction in which 
it seems to me the science of nsaurology is moving. 

_, The cataclysmic events of the last four years have shaken men’s 
belief in the old order, and medicine has not es¢aped the universal 


` demand for a restatement of current values, The young are looking to 


us to enuneiate the principles on which our teaching is founded. They 
are not disposed to accept without criticism conventional explanations. 
They regard with scepticism the statements, current in text- books, that 
the. manifestations of an epileptic convulsion are the expression of 
“irritation of the cortical centres,” or that aphasia is explained by 


} Presidential Address delvered before “the Section of Neurology iG the bape Ses Society of 
Medjpine on November 14, isis. 
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“the destruction of visual, auditory or moter images.” Their curiosity 
is no longer satisfied by attributing the sensory changes, caused by a 
peripheral nerve injury, to a ‘‘ paræsthesia ” or “ hypo-ssthesia.” And 
indeed words of this order are but anodynes to the conscience. They 
explain nothing ; they serve only to put to sleep the salutary feeling, 
that further investigation is necessary. 

Satisfaction with words, that are in many cases nothing more ‘than 
a restatement of the problem in bastard Latin and Greek, was one of 
the most remarkable characteristics of the last quarter’ of a century. 
No better example could be found ‘than the misuse of the word toxsmia. 
We are assured that certain diseases are due to this cause; but, 
although we know much -about the' pathological changes in the 
central nervous system, the symptoms they produce, and the course 
of the disease, the “toxin” is purely hypothetical. Everywhere we 
find this remarkable tendency to explain the known by the unknown. 

Now every student of natural science should retain something of the 
simplicity of the child. You all remember the story of the Emperor 
and his new clothes. Two weavers asserted that they had woven a 
cloth of éxtreme beauty and fineness; it had, however, one unusual 
characteristic. It was invisible to those who were stupid, or unworthy 
of the post they held. Neither the Emperor nor his courtiers could, 1 'is 
true, see the stuff, but each was anxious not to betray himself, and all 
were loud in its praises. Royal robes were made of this wonderful 
material; but, as the procession wound through the streets, a child 


called out: “ Why he has nothing on,” and the child’s saying passed | 


from mouth to mouth among the crowd. So the young to-day are 
calling to us to recognize that many of the terms we use so glibly mean 
nothing.: They do not cover the nakedness of our explanations. 

This satisfaction with names is’ apparent in our conceptions of 
disease. No better example could be found than the customary attitude 
of clinicians towards. syphilis of the central nervous system. Tabes 
dorsalis and general paralysis of the insane'are thus spoken of as 
‘ diseases.” In reality, there are two factors only in the morbid mani- 
festations produced by syphilis:of the nervous system, the character 
of the infective activity and the site of its anatomical, incidence. 
The Spirocheta pallida may attack almost any structure, and the 
“ disease ’ expresses the functions of the tissues affected. Tabes dorsalis 
is a convenient term to express the fact, that the principal focus of the 
destructive process lies in the posterior columns, and “general paralysis ” 
simply indicates that it has fallen mainly on the higher cerebral cgntres. 
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Year by Jii ine once’ 80 > firmly Jawi between EE dorsalis and 


' dementia paralytica, grew fainter as the identity of the pathological 


process underlying the two conditions was recognized. ‘ With the 
‘invention of the tetm “ tabo-paresis,” the boundaries between the two 
diseases fell, We now know that any nervous function, from the lowest 


`. reflexes to the highest intellectual activities, may.be disturbed in con- 
' sequence of syphilitic infection of the nervous system; and it is only by 


arbitrary selection that these diverse signs and symptoms can be erected 


: i into “diseases.” Then again “ parasyphilis” was supposed to be the 


manifestation of a process, syphilitic in origin, but not strictly syphilitic 
in nature. We now believe tkat “ parasyphilis ” is nothing more than ` 


an’ anaphylactic reaction in the tissues of-the central nervous system, ` 


‘which have been rendered hypersensitive in accordance with their 


_ peculiar lymphatic supply. “ Parasyphilis” does not differ from 


a 


“chronic cerebral syphilis” in any essential pathological partitular. 


“It is, merely a similar redction in a different tissue. No better example 


could be given of the law that, in morbid conditions of the nervous 


, system, the form assumed by the disease is determined by the site of 


the destruction, whilst the course it runs 1s. dependent on the natural 
history of the pathological process. : 
` During the last: few years the attitude of the neurologist has under- 


‘ gone a subtle change, not only to disease, but also to its general effect 


upon the patient. At one time.everyone was seeking for a sign or a 
syndrome. Happy the man who could discover a new reflex; it did 
not matter that he left it unexplained, and failed to correlate it with 


_ other ancillary functions. It was a “fact,” and to it his name was 
attached. , 


But the discovery of such a phenomenon i is nothing more ‘than the 
statement of the terms of the problem awaiting solution. To find its 


- explanation we must look to the behaviour of the nervous system as & 


whole, and observe how its reactions are changed. In many cases, this 
leads to the consideration of. phenomena, which would have been thought 


' frivolous by the older generation. Take, for example, the importance 


attached to the patient’s account of his own sensations, or the diagnostic 
value now attributed to certain dreams. 

In 1901, I described certain mental changes. associated with disense” 
of the heart and lungs, and showed that they formed’ another aspect of 
referred visceral pain. This work fell dead; for those who were 
interested in morbid conditions of the internal organs cared nothing 
for changes in’ the mental*state of the patient; on thé other hand the 
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` alienists denied the facts, because-of the remoteness of Asylum life from 


` the conditions of Hospital experience. .They made no effort to ‘discover, 


_ whether such remarkable examples of the dependence of mental states 
“on disturbances of bodily functions were really open to their investi- 
gation. To-day, however, this work is falling into its place as a small 


_ contribution to the relation of body and mind. : 
Interest in the functions of the nervous ‘system, as revealed by 


disease, is. steadily growing. The English school has always been 
essentially physiological, from the days of Marshall Hall onwards; but 
this growing attention to function is mainly due to the teaching of 
Hughlings Jackson. He sprang from the physiologists of the middle of 


` the last century, and ‘was deeply imbued with the principle of evolution, 


not only of structure, but of function. But his contemporaries became 


increasingly obsessed with the study of anatomical and topographical 


details. As years passed by, the teaching of the day moved away from 
Jackson’s conception of an evolution of function, still demonstrable in 


the activities of the nervous system. Finally his doctrines were scarcely | 


comprehensible to’ those of.us who were brought into daily contact 
with him in the wards, seduced as we were by the glib generalities of 
more popular teachers. But, when we came to think for ourselves, we 
found that his.conception of a functional hierarchy, in which one form 
of activity was dominated by another, standing higher in the evolu- 
tionary scale, explained much that was otherwise inexplicable in the 
phenomena of nervous disease. -This swing back to the physiological 
aspect was quickened by the exquisite researches of Sherrington, and 
the issue of his “ Integrative Action of the Nervous System,” in 1906, 
marks an epoch in the progress of neurology. 

We then began to appreciate, that the existence of the central 


nervous system was due ‘to the necessity: of producing coherent action 
-in a plurisegmental organism. Out of the primitive materials at her 


disposal, Nature was forced to develop a mechanism capable of 
integrating the physiological forces evoked by relations with the external 


world.- As the animal rose in the evolutionary scale, the functions ; 


required of the nervous system became more and more complex, and 


` out of the anatomical structures of a lower organism had to be developed 


a machinery capable of exercising these higher activities., 
This was only possible. by integrating the crude physiological 
processes excited by external stimulation, or arising in response to the 


_ action of internal forces. A prick excites a universal teadéncy to 


withdraw the part exposed to stimulation ; 1t can also evoke a highly . 
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organized movement, such as the scratch-reflex, capable of removing 
the noxious: object.. 2 = 
But such refiéxes are preordained and admit of no choice. It 
became necessary, therefore, to develop a controlling mechanism that 
‘would permit the animal, either to attack the stimulus locally, or to 
„evade its action by flight. Finally, with the development of the neo- 
palljum was given the power of voluntary choice; the reaction was 


- no longer unconscious, but could be Preceded By. a definite act of . 


discrimination. 

This adaptation to a clearly EREN end demands a multitude of 
adjustments, and such integration is the business of the central nervous ` 
system. It can ‘only be carried out by utilizing, in a modified form, 
functions originally developed for a somewhat different purpose. Thus, f 
the withdrawal movement, which forms the basic réaction to pricking 
the sole of the foot, is controlled by higher centres in the mid-brain-and 
, forms the flexor aspect of the stepping refiex. But, when this higher 
influence is removed, at any rate for a time, as for example by total 
transection of the ‘spinal cord, the lower reflex. becomes manifested in 


_ its primitive form as @ pure movement of- mentee) accompanied by 


evacuation of the bladder-.ané rectum. : Bek 

‘Structure is anchored in the past and may express, ‘in its anatomical , 
arrangements, functions which have been transmuted. ‘Many of 
them have been: carried up to centres of more recent, origin, whilst 

' others are exercised normally, in a refitied form, under. the control of - 
those higher in the evolutionary scale. But nothing remains in its old : 
form, unless it is.of utility to the organism under some possible 
conjunction of circumstances. , 

Thus the afferent impulses from the viscera do not normally enter 
consciousness, The eupeptic knows nothing of the processes of 
digestion, beyond a certain gentle sense of well-being. But, under 
abnormal conditions, afferent impressions from the internal organs are 

, capable of arousing pain and discomfort.. When this occurs, one form 
of this sensory disturbance is referred-to the superficial structures of the 


- body and is associated with areas of tenderness,. corresponding to a 


segmental arrangement of the central nervous system. This is not, 
a ‘“hypermsthesia,” but a tendency to react more, violently to any 
stimulus capable of evoking discomfort. The threshold is not materially 
lowered, but the vehemence of the response is' greatly increased.- 

Now this over-reaction is associated with, reflexes, which still reveal 
their gid defensive character. As an answer to visceral pain, the 
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abdominal muscles: become tonically contracted, ‘and the leg is drawn 
up on the: affected side. The sufferer is forced to creep into some 
sheltered place, and to lie curled up, till he either dies or recovers. 
All capacity to move as a whole is abolished; the reactions of the part 
affected now dominate the activity of the complete animal. Visceral 
reflexes, of this order, are antagonistic to general movements, and this 
is expressed, not only in muscular immobility, -but in stne mental 
attitude which accompanies visceral pain. 

‘Pain is the oldest defensive reaction, and potentially painful stimuli 
are the basis of all primitive reflexes. It is therefore of importance 
for higher development, that these impulses should be rendered less 
effective in favour of those impressions which lead to a more general 
and discriminative response. But, although they are controlled and 
even abolished, the mechanism underlying the production of pain must 
remain in full physiological activity, ready to play its part should 
occasion arise, in the defence of the body against noxious influences. 

The functions of the central nervous system, are not a palimpsest, 
‘where a new text is written over an earlier manuscript, partly erased. 
whe more primitive activities have been profoundly modified by the 
advent of the new centres, which utilize some of the faculties originally 
possessed by the older mechanism. In many ‘cases the higher function 
could not be.exercised, without the existence of these lower _ powers 
` which it dominates and controls. 


When, however, the higher mechanism is daca ‘out of action | 


the functions of -the lower centres are free to exhibit their activity 
unchecked.’ Jackson insisted that the manifestations, due to a lesion 
of the central nervous system, must be considered from a negative 
and a positive. aspect. Injury to the pyramidal system was shown, 
negatively, in the loss of the finer voluntary movements; but the 
activity of the lower centres, released from.control, was evident in the 
spastic rigidity of the paralysed parts. In the.same way, removal of 
the control, normally exercised by'the cortex over the activity of the 
optic thalamus, leads to thé’ remarkable condition known as thalamic 
over-reaction ; all stimuli capablẹ of evoking discomfort, and in some 
cases even pleasurable excitation, cause an exaggerated response on the 
affected half of the body. This i is not due to “irritation ” ; it is due to 
release. It is the direct consequence of loss of that control normally 
exercised by the’ cortex over the activities of the optic thalamus. 
Once this control is removed by disease, the lower centra reacts 
unchecked to any: stimulus capable of excitirtg a response. 
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It has been ‘the ne to call upon a hypothetical ; ‘irritation ” to . N 
explain all such positive manifestations of nervous energy. The violent 
flexor spasms and the outbursts of excessive sweating, which occur 
when the spinal cord’ is injured, have been attributed to this cause. 
In reality, ‘they are the expression of a diffuse and massive response 
to stimuli, applied to. parts below the level of the lesion; they are 


_ manifestations of a primitive mode of: reaction, due to removal of 


control from above. Involuntary movements in hemiplegia, automatic 


- acts following an epileptic attack, the emotional utterances in aphasia, 


are all examples of the same phenomenon. The condition of sensibility, 


during the protopathic stage of recovery from & peripheral nerve lesion, 


is another instance of-a primitive mode of reaction; released frord 
control by the tardy restoratidn of the epicritic mechanism. Normally 


. the massive “all or nothing ” response of the more primitive system is 


'. held in check by the localized and discriminative sensations, due to 


excitation of the epicritic end-organs. But, when the one set of afferent 
impulses is permitted to play on the ultimate sensory centres unchecked 
by those arising in the higher mechanism, the response becomes 
massive and diffuse, and _extensity becomes: of greater import than 
intensity. 

Had we applied Jackson's law, that the ‘iene of the nervous 
system are integrated on evolutionary principles, neurology would not 


‘have made so many excursions into the wilderness. He taught us that 


a lesion -of the cerebral cortex caused disorder of “movement, not 
paralysis of the muscles. This lesson, however, was not applied to the ` 


` other functions of the cortex. Much time was wasted on topographical 
localization of various sensory centres, before the nature had been 


x ‘determined of the functions exercised by the cortex. Now we know 


that, as far as somatic sensibility is concerned, the cortex is responsible 
for the appreciation of spacial relations, for the power of responding.to 
different intensities of stimulation, and for the capacity .to recognize 


„similarity and difference in external objects, brought into contact with 
-the body. The cortical centres are not concerned with. the crude 


appreciation of touch, pain, heat and cold. 
` Buch principles are not only of theoretical importance; they are 
perpetually thrust before the neurologist in his daily work. Clinical 


5 diagnosis i is a by-product of scientific investigation. Itis impossible to 
- expose every patient to laborious scientific ‘examination, nor would’ it. 


serve any useful’ purpose to do so; but the simple tests, employed in the 


, wards, are valueless unt# they have been calibrated by more elaborate 
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investigations. ' The man who: says he can obtain all the information 
he wants, in cases of injury to peripheral nerves, by means of a pin 
and a piece of cotton wool, depends on someone else to teach him the 
significance ‘of these empirical tests. They have no scientific’ value, 
until the data they yield are correlated with results, reached by methods, 
capable of measurement. . ‘ , 

The charm of neurology, above all other branches of practical. 
. medicine, lies i in the way it forces us into daily contact with principles. 
A knowledge of the structure and functions of the nervous system is 
’ necessary to explain the simplest phenomena of disease, and this can 

be only attained by thinking scientifically. 

Let us then consider some of the leading principles, which the 

candidate of the future must master in the course of his initiation :— 
(1) When any level’ of activity is attacked, the most complex 
functions, and those which have appeared most recently, are the first to 
’ suffer; they are also disturbed to'a greater degree, and to a wider extent, 
than those which are simpler or more inevitable in their expression.» 

An excellent example of this rule is seen in the effect of a lesion of 
tle sensory cortex on the appreciation of the spacial aspects of an 
external stimulus. Tests, which demand recognition of movement in 
three dimensions, are more gravely affected than such a comparatively 


simple one as localizing the position of the stimulated spot; for, with | 


the precautions ye habitually adopt, this is an exploration in one- 
diménsional space. ‘Division of the’ spacial aspects of sensation 
according to one, two and three dimensions is obviously arbitrary ; 
but the tests we apply become more or less complex and difficult 
according as they demand recognition of relations in space of three, 
two or one dimensions. Consequently, the records obtained by 
measuring the extent of: passive movement, which cah be appreciated 
in the affected limb, are more gravely and extensively affected than 
those yielded by our method of testing localization. 

(2) The negative eniteneeyons of a lesion appear in Herne of the 
affected level. 

Thus, if those parts of the cortex are injured which are associated 


1 The word ‘{level’’ is employed throughout in a striotly functional sense. Any one 
anatomical organ of the central nervous system may exercise functions of more than one 
' physiological level. Thus the optic thalamus contains, not only the termination of the 
fillet, but also the centre for the affective aspecta of sensation. For the same regson, æ 
lesion of the post-central cortex not only produces Joss of certajn sensory faculties; but may 
also cause hypotonia in the affected parts of the body. ° 
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with speech, the ‘consequences are not an affection of some totally 
different function, such as, visual or auditory images, but are shown in 
terms of defective speech. The business of a clock is to show the tinie. 
Faulty action of the main-spring may cause it to go fast, to go slow, or 
to stop. But we cannot look at the face of the clock and say ‘‘ That is 
strong main-spring time’’; all we can say is that the clock is fast. 


` So the negative manifestations of a cortical ‘lesion affecting speech are 


presented. to us in the form ofa disturbance of speech, not as a 
destruction of images. 
In the same way, ‘morbid conditions at the reflex level appear 9 


changes in the reflexes; a disturbance of cerebellar activities is seen 


in inco-ordinate movement; ' whilst an injury to the sensory cortex 
affects the discriminative aspects of sensation, a purely mental function. 
(3) A negative lesion produces positive effects by releasing activities, - 


. normally held under control by the functions of the affected level. 


I have already given many illustrations of this law. The phenomena | 


-of the mass-reflex after injury to the spinal cord and of spastic rigidity 


` in hemiplegia are examples on the motor sidé; protopathic sensibility 


n evolved by a continuous process of development. The methods, by 


and thalamic over-reaction illustrate similar Sendiions amongst 
afferent activities. . 
(4) The functions of the central nervous system have -been slowly 


which this gradual progress from lower to higher efficiency has 
been : reached, are still manifest in the phenomena of its normal 


. activity. 


Thus the lowest e give the most definite response ; there is 
little or no choice, the answer is inevitable. They are, as Jackson 
expressed it, “ highly organized.” But further development of the needs 
of ‘the animal demanded a reaction that was less fixed; some variation 


“must be permitted. This led finally to the domination of many reflex 


manifestations by consciousness. What at lower levelé appeared a 
variable response, became, with the Progress of evolution, vptEniery 
control. 

(5) Integration of function ata the nervous system is based on a 
struggle. for expression between many potentially'different physiological 


“activities. í 


Let us „conside the following example, drawn from the ‘afferent 


‘side. A metal’ test: ‘tube, containing water at-45° C., normally evokes a 


sensation of pleasant heat. But it is easy to show that this temperature, 
switably applied, stimulates the ieee ie and then appears to be cold. 
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If, by chance, both the end-organs i the reception of hest and cold 


are absent, pain is produced. Thus the same temperature is capable of | 


exciting ‘heat, cold and pain; and’ yet under normal circumstances 16 
evokes a sensation of pleasant warmth. : Evidently, the incompatible 


impulses, due to stimulation ‘of the cold- and .pain-spots, are prevented 


from reaching consciousness. 

Such integration occurs: at several stages, during the Sener of 
afferent impressions through the central nervous system. Those,-alike 
in their qualitative potentialities, are gathered together, whatever may 

eave been their origin, at the periphery. Thus all impulses capable of 
arousing pain come together in the spinal cord. In the same way, 
there are separable paths for those associated with sensations of heat 
and cold. Finally, on higher physiological levels is fought out the 
. struggle for final dominance, and, of the warring impulses, one group 
only excites @ conscious response. 

The processes by which this integration is rendered possible are three 
in number. First of all. those impulses, potentially of a like sensory 
quality, are gathered together. Secondly, all impulses capable of 
exciting sensations of a different quality are rejected by the receptors, 
which guard each functional level’ The third method is manifested in 


the phenomena of adaptation. ‘Water at “80° C. may appear under . 


suitable external conditions to be neither hot nor cold. But, when the 
hand has been previously soaked .in water at 45° O. for some time, a 
temperature of 30° C. will seem to be cold. Conversely adaptation to 
. water at 15° C. converts 30°. C. into a warm stimulus. This power of 
‘adaptation to the conditions of the environment, and consequent 
shifting of the neutral point is one of the most important factors in the 
mechanics of integration: No stimulus acting over a long period can 
remain continuously at the same level of efficiency ; it leads to a state 
‘increasingly favourable to the appearance of the opposite phase of 
activity. This is the essential condition underlying the tendency to 
biphasic reaction so characteristic of the central nervous system. 
These thrée processes, acceptance by similarity, rejection by 
difference, and biphasic dispositions, form the main features of- the 
physiological functions of the central nervous system. They are factors 
which lead to integration, whether we are dealing with reflexes or with 
such psychical acts as sensations. -` 
They are interposed between the vital consequences, produced by 
the impact of a physical stimulus on peripheral end-organs,, anf the 
final processes:of consciousness. We have no right to speak of psycho- 
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physival pardlicliom ; we ought other to consider on, the one. hand 
_physiologico-physical Faria and on the other psycho- -physiological 


‘relations. i 4 uae rm 


Thus, between the AN of & aa stimulus P the surface of 
‘the. body and the movement or sensation: it evokes, lie the innumerable 
‘reactions of the ‘physiological level. Hore the form assumed by the 
coriscious response is prepared to a ‘degree scarcely suspected until 


- recently. Many of the impressions produced by a -single ' external — 


‘stimulus are incompatible’ with one another, and, gome of them must, 
give way in the conflict, > But the result of the struggle i is not fixed aN 


i /pre-ordained ; it, may be. reversed by some previous occurrence, which 


has changed the disposition of the central nervous system. The. form . 


'.. , ‘assumed by a reflex may be deterinined by the chardcter. of the move- 


` leave that council chamber 9 human activities. 


ment which- preceded it, and the phenomena of sensory adaptation 
depend upon the active, influence’ of the past. in present events: . | 

. , Moreover, the. general resistance of the central nervous system, to. 
certain impulses varies greatly at different times and in different: persons. 
This is particularly evident in the case of pain. We are all subjected’ 
to innumerable painfal | impressions, ‘which under normal conditions 
never reach consciousness; . but if the resistance, either- ‘local ‘or 


_ ‘general, is: lowered, ‘these ingalas. N underlie definite sensations 


of pain. 

_ We neurologists are brought into daily ‘contact with these diis 
functional réactions and can watch the processes of ‘evolution, visible i in 
the actual behaviour of. the: central nervous system,” We work in the ` 


„ passage-way between the physical universe, and the dwelling-place, of | 


the mind. We see the coming and the going, and we alone can xecord | 
‘which of the many aspirants has conquered the ight’ to enter or to 
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